x 
w 
> 
z 


4 


These typical 17 together took 71 


' Here ore 17 discriminating buyers whose 71 orders and reorders — 
prove complete satisfoction with these UNITRON instruments. 
AMERICAN BRASS MINNEAPOLIS HONEYWELL 
CARNEGIE INSTITUTE UNION CARBIDE & CARBON 
E. 1. DU PONT MISSOURI SCHOOL OF MINES 
GENERAL ELECTRIC REYNOLDS METALS 
GENERAL MOTORS U. S. GOVERNMENT 
GOODYEAR ATOMIC UNIV. OF CINCINNATI 
1. 8. M. UNIV. OF WASHINGTON 
M. 1. T. WESTINGHOUSE ELECTRIC R. CA, 


Model MEC 


BINOCULAR MODEL only $599 


UNITRON INVERTED Metallurgical Microscope, Model MEC: 
Many of the features of the UNITRON Metallograph U-11, which 
are connected with visual observation of opaque specimens, are 
included in this compact unit. Think of the time which can be 


BINOCULAR MODEL only $1379 


UNITRON METALLOGRAPH and Universal Camera Micro- 
scope, Model U-Il: A completely self contained instrument of 


modern design for visual observation, photography, projection 


and measurement of both opaque and transparent specimens, 
saved in your laboratory by providing each metallurgist with 


one of these handy, inexpensive units for use at his desk. Model 
MEC is also ideal for use together with a polisher cr micro- 
hardness tester 


using bright-fleld, dark fleld of polarized illumination. While 


compact in uze, it duphcates the performance of large, cumber 


some instruments. Even laboratories on a limited budget can enjoy 


the accuracy, speed and efficiency possuble only with a complete 
installation of thy type 
' Standard optics include 4 parfocal objective lenses: 5X, 
pt include 5 ‘ bijective lenses with 10K, 40K, 100K oil immersion on revolving nosepiece; 3 eye 
eprece. 4 photograph yepreces revolving pieces: P5X, Micrometer 10K, Kel5X, all coated. Magnifi 
turret. 3 eyepiece ted) Magnificat range cation range 25-1500XxK 
/ 2% 2000% Vertical illuminator with iris diaphragm. Transformer housed 
Mig te ty ' with ble 1 sformer built in microscope base A microswitch on the base provides an 
the nope t e extra high intensity for photography 


Binocular model has provision for attaching 35mm camera 
to microscope base A 35mm camera attachment is available 
to attach to the eyepiece tube of the monocular mode! 


tography tontane 
Calibrated square mechanical stage with calibrated rotatable UNIT Soars Calibrated square mechanical stage with calibrated rotatable 
stage plate 


tage plate 
Calibrated polarizing apparatus. transmitted light accessories / = Calibrated polorizing apparatus, 5 filters, dustcover, cabinet, 
for pe filter eyepreces, film etc all included 
' les binet justeovers, ete all iv fed } = Additional accessories available at extra cost include: 35mm 
Addit ° ext cost include | camera attachment, K20X eyepiece for 2000K; transmitted 
Pol it i e 60 second” §=photog | light accessories for transparent specimens; vacuum heating 
raphy camera itfachment low power 40% stage 
byective heating stage for temperatures to 1100 ? 
THIS COMPLETE CATALOG ON UNITRON — UNIT. ON 
MICROSCOPES IS YOURS FOR THE ASKING 
K STREET + Bi 


FREE 10 DAY TRIAL ] Please send me your complete catelog on UNITRON Microscopes l 
on any UNITRON MICROSCOPES... 

Company 
Let the instrument prove its value to you im your 


own laboratory before you decide to purchase Cay Stete 


Nome ond Title 


J 
| 
*1195 


JOURNAL OF 


Published to provide a continu 


ing, authoritative, ard up-to 


Al 


date record of technological, 


engineering, and economic prog 


ress in all branches of the industry by the Met 


allurgical Society, American Institute of Min 
COVER 
Ore Ships on the Rhein, main artery for Germany's Ruhr, ts the theme of this month's 
cover by Naomi Lazard. How America helped rebu ld one of the Rubr's large steel! mills 
is told on p. 1426, and articles on two important new German metallurgical develop 
ments are found on pp. 1432 and 1435 


ing, Metallurgical, and Petroleum Engineers, | 


inc., 29 West 39th Street, New York 18, N.Y 


EDITORIAL STAFF 


RIXFORD A. BEALS 
Editorial Director 


F WESTON STARRATT 
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ee S J. BURKE | Personnel 1398 AIME News 1461 
ssistant Editor Beaks 1404 Personals 1466 


Editorial 1423 Advertisers Index 1468 


ADVERTISING STAFF 


GRACE PUGSLEY Production Manager 
W. J. SEWING Asst. Prod. Mgr 
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29 W. 39th St.. New York 18.N. Y ARTICLES 
Eastern Advertising Manager Germany's Ruhr 1425 
BOB WILSON 
Millard Ave., Fox River Grove, Ill The August Thyssen Hutte 1426 
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Low-Shaft Blast Furnace Holds New Promise 


META RGI CIETY M 
Rotor Steelmaking Process Graef, W. Dick, and L. Von Bogdandy 1435 
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W R WH bbar 
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erge 
tion $8 per yea N ith, and Centra 


| PERSONNEL 


| HE following employment items are made 
available to AIME 


profit basis by the 


members on a non 


Engineering Societies Per 


Service Inc Agency operating im 


sonnel 


cooperation with the Four Founder Societies 


Local offices of the Personnel Service are at 
&W 40th St. New York 18, 100 Farnsworth 
Ave, Detroit, 57 Post St, San Francisco, 84 


Randolph 
address all mail to the proper key numbers in 
of the New York 
in stamps for forwarding and returning appli 


Chicago |. Applicants should 


car office and mclude 6c 


cation The applicant agrees, if placed in a 
position by means of the Service, to pay the 
listed by the Service. AIME 


bulletin of 


placement tee 


members secure a weekly 


positions available for $3.50 a quarter, $12 a 


may 


year 
MEN AVAILABLE 
Consultant, n chemical er 
Nonfer is pr 
at hie il 
biftear eu 
‘ ent er rie 
i plant de 
len eneratior 
ket rel Direction and 
| ect ition 
M169 


Several attractive open 


lurgists, with graduate 


research experience, to par 


RESEARCH METALLURGISTS 


Metallurgical Engineer, liaison 


engineering work, in metaliul 
er ree ige 26 } peri ‘ 
project Ape roi 
jeveloprnent of an alloy 
ha pecific electrical propertice 
ol ela t and 
office etaliul il and iteria 
i n il el p 
pl it bet ‘ iif 
juction metallury | depart 
ent, and consume Prefer East o1 
West Coast. M ‘0 
POSITIONS OPEN 
Metallurgist, graduate ll co 
der womar two to threes Veul ex 
perience, preferably in the drawi! 
| mall Vire mosti of pre ou 
etal ae red. Will do all proce 
ine fir yp thro ! ara rig 
ent rie aiit ‘ A 
ipplication, ete pen, Loca 
tion Westchester Count N 


Foreign 


or metallurgical engineer radu 
ite t? it least five execu 
tive or managerial experience ! 
nuclear ind chemical field 
oper Location hurope P5406 


ings are available for metal 


level training or equivalent 


ticipate in expanding research 


and development programs in PROCESS, PRODUCT, 
ANI) PHYSICAL METALLURGY 


Work will be carried ot 


in suburban Pittsburgh 


available for professional ; 


growing organization 


Send resume, in confide 


J. A. Hill 


it in our modern laboratories 
Excellent opportunities are 


idvancement in a young and 


nee, to 


Research and Development Department 


JONES & LAUGHLIN STEEL CORPORATION 


3 Gateway Center 


30, 


Pittsburgh 


isvivania 


STEEL 
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Representative, chemical 


} Additional classified advertis- 


ing appears on pages 1400, 


1401, and 1404. 


Sales Engineer, chemical, or met 
allurgical engineering graduate, with 
it least eight year proce and 
equipment ies experience in chem 

il, metallu il, or nuclear field 


$10.000 to 


ré Saiary 
) as 
$12000 a vear. Location, New York 


W 5380 


Metallurgical Engineers. a) Met- 


irgical Engineer, Junwr, to 30 
chemical or metallurgical engineer 
ng degree, with four to seven year 
experience in lead and/or zine ap 
plication technology desired will 
consider production experience. Du 
ties will include development of new 

irket ind outlet for nonferrou 
products by finding new application 
in the consuming industry fete! 

ine need of consume! for new 
products, etc. Salary, $6,000 to $9,000 
“a yea! b) Metallurgical Engimeer 


chemical or metallu 
with six to 
lead and/or 
will 
Du 


Sen r. to 45 

cal engineering degree 
experience in 
technology 


x perience 


ten yea! 
ne ipplication 
produc tion ¢ 


page 1400) 


consider 


nued on 


(Cont 


ATE PENING 


CRUCIBLE STEEL COMPANY OF 
AMERICA 


MME 


Reseorct rat 
Pitt Penmsy 
APPLIED RESEARCH PHYSICIST 


ndertake 


PHYSICAL METALLURGIST 


aA 


MICHIGAN CHEMICAL CORPORATION 


ENGINEERS, “CAREER 


COUNSELING 
GUIDE,” et 


W 4 
America 
RARE FARTH 
- 


orelco 
PRODUCTS 


INSTRUMENTATION FOR 
RESEARCH, MATERIALS 
CONTROL AND PRODUCTION 


ray Diffraction Equipment 

ray Diffractometers 

ray Spectrographs 

ray Thickness Plating Gauges 

ray Absorption Apparatus 

ray Crystal Analysis Units 
X-ray Tubes and Rectifiers 
X-ray Cameras, Sample 
Spinners, Pole Figure Devices 
and Accessories 


Autrometer—24 Channel 
automatic Element Analyzer 


X-ray Custom Built Equipment 
for Special Applications 


Geiger, Proportional, 
Scintillation and Flow Type 
Detectors 

Electronic Circuits for 

High Speed Detectors 

with Pulse Height Analyzers 
Decade Scalers and Ratemeters 
Electronic Timers 

Line Voltage Regulators 

Radio Compass Controls 
Electronic Testing Equipment 
Electron Microscopes 

Electron Diffraction Equipment 
Emission Microscopes 

High Voltage Generators 


Contact Microradiographic 
Equipment 


Gas Liquefier 

High Pressure Equipment 

industrial X-ray Equipment 
industrial X-ray Fluoroscopes 


industrial Image Intensifiers 
with Closed Circuit Television 


automatized chemical analyzer... 


The new Norelco Autrometer is the first auto 
matic spectrograph capable of accumulating 
complex analytical data on a routine basis and 
speedily presenting it ina sunplified form —which 


graphically compares the sample to a standard 


. will provide analysis of any simple or complex compound for 


all elements ranging from #12 through all eighty-seven of the 


heavier clements 


. it can be preset to identify any single element or any group ol 


elements — up to a maximum of twenty-four in a single sample 


. speeds analysis so that as many as fifty analyses can be made in 
one day, with an accuracy comparable to an analysis made by a 


competent chemist requiring several days 


. is designed for use in conjunction with any area of plant control 
processes rhe reproducible precision of this automatic analyzer 
will therefore conserve time, money, technical and scientific 


manpower 


The new Autrometer is the first qualitative and quantitative analytical apparatus 
designed for industrial process control. It offers an unbelievably high degree of 
accuracy, speed and adaptability ... We shall be pleased to send you data con- 


cerning its performance, applications and price 


PHILIPS 


Instruments Division 
A 


In Canada: Scientific and Industrial Division, Philips Industries Limited 
i 
1) Brentelifle Road, Leaside, Toront 17, Ont 
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Personnel 


(Cont from page 
tie } ‘ $9,000 to $i 
O00 «a ‘ | tior New Yor 
u 


RESEARCH 
METALLURGIST 


Physical metallurgist for basic 


research in the behavior of 


metals at elevated 


temperatures. PhD 


with or without 


experience 


Company sponsored research 


program with a liberal 


publication policy 


Excellent experimental 


facilities 


Write or Phone 


W. A. Johnson 
Associate Director of Research 
THOMPSON PRODUCTS, 
INC. 


Euclid Avenue 


23555 
Cleveland 17, Ohio 


RESEARCH ENGINEERS 
Extractive Metallurgists 


Chemical Engineers 
Chief Chemist 


New Pilot PI int 


and Lab 


mide res 


Operated tor 


U S Government 

by ibsidiary of 
National Lead Company 

it Nicar Cuba 


Send resume to 
Director, Res. & Dev. Division 
NICKEL PROCESSING 
CORPORATION 
4 Cherry St., Montclair, N. J 


1400 
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Professorial Chair, 


of metal 
t 
ition eastern 
4460 


oO administr 


to 
pt 
Un 


tart, $] 


ember 


wlallurgy Or 


ative 
3,000 
1954 


ited States 


Recent Graduate Engineers, chem 


al or metallur al nonferrous) 
for work with instrument company 
Lo atior Te Mid W 5043 

Instructor or Assistant Professor, 
‘ tractive metall itpi t or chemical 

neer I ent PhD vith none to 

‘ ears teachil ind/or industrial 
r research expenence, capable of 
levelopi nd teacnit course in 
extractive etallurs excluding ore 
are ! ) th empha on the phy 

il che il pr ipl involved 

ilar $5500 to $6500 for ten-month 

ntract ma be uppl 
ented th er work. Loca 
tion, West. W504! 

Physical Metallurgist, Excellent 
opportunit ivailable for BS. or 
M t p ite five year 
exper! e vill include stud 
‘ ofeq | nt failure ind research 
‘ CO Osior re tance ind quality 
( tre Will al wer e and cor 

t me t f testing labora 


er ply to Box 
A 
4 West st New York 18 
PAPAL OPENING 
CRUCIBLE STEEL COMPANY OF 


AMERI 
Central Rese 


Pittsburgh, Pe 


wet 


CA 


nns 


MECHANICAL ENGINEER 


wit er 

ter ar 
et 


Engineering 
Societies 

Personnel 

Service Inc. 


Under 


other renowned Engineering Socictics 
offers many ycars of placement capericnce 
in addition to world-wide 


the auspices of 


New York 
8 W. 40th St 
Detroit 


} 


Ave 


Farnsyorth 


the 


Chic 
Bat 


San Francisco 


Four Foun 


ontacts 


Rand 


s? Sf 


ESPS 


der 
Engincering Societics ond aftfilated with 


t 


tory. Salary Location, Ohio 


W 502% 


open 


Metallurgical Engineer, preferably 
with five years experience 


pany in the melting and refining of 


copper 


act aS advisol 


and leads into alloy 
to. production, devel 
new processe¢ and 
chemistry and spectrographi 
Salary 


Location New 


W5472 


atory $7200 to $7800 a year 


York metropolitar 


area 


Senior Project Engineer, for pure 
metals research, extractive metal 
urgy and mine! beneficiation 
Ph.D with at least five year ex 
perienced preferred. Must be qual 
fied to plan, conduct, and supervise 
research and de velopment project 
in modern laboratori Excellent 
opportunity. Apply by letter and in 
clude salary requirements. Location 
(ohio W 474 


Metallurgist, graduate metallurg) 
vith 


nonferrou 


experience in 
metals. Will 
etal 


loca! 


cal or chemical 
I and 
organize and set up an 


laboratory and train 


rrou 
odaern n 
irt and 
heat 


contract Salar 


treating ote T VO-Veual 
SB000 a tax 
$3600 maintenance 


Location, Pakistan. F 


tree 


allowance 


METALLURGISTS 
and 
METALLURGICAL 
ENGINEERS 


r Ator ( rotior 
f 628 
Portsmoutt 
ENGINEER 


- 

a 
I 
W 
1] 
et 
| 
ir ne 
WATE per tendent for rge ore 
f 1 sintering of 
eration Great ykes district hould 
have t te ce 
en 
F 
4 
yboratory Opportunitie exist for both recent 
raduate ind th with several 
thes co ‘ ex rience ror te 
eng imeenng f metatlurgy y } 
love tre t } rr testing nm ta 
working pr equipment 
ted witt tine working metals s 
lesur plications t metaliurgy Fully 
‘ me mplete nfiidence te ‘ ed ry derr 1 ratory ir 
rucit tee! Company of America youtherr Or end reply with 
ratory Box 
re md ar information t 
Pittsburgh Pennsylvania 
; for 
extraction of nickel from Employment Deportment, L-58 
wt for 
toff t ‘ tment with 
‘ ? 
‘ 


LEADERSHIP: 
Liquid Meta/ Engineering 


Pumping 10,000 gallons of 
Na per minute with 
no moving parts 


To circulate molten radioactive sodium, electromagnetic pumps 
with no moving parts, no shafts, and no seals were developed at 
VU OWE Argonne. Direct current, passing through liquid metal in a 
f° 7 Y AF magnetic field, provides the moving force. Fluid flow, from a 
7 mere trickle to 10,000 gallons per minute, is obtainable with the 


NATIONAL LABORATORY a 
latest model. A liquid metal “brush” in the homopolar generator 


Operated by the University of Chicago undera 


Se conducts the high current needed. Continuing developments 
PROFESSIONAL PERSONNEL OFFICE in liquid metal engineering help solve coolant problems 
P. O. BOX 299 « LEMONT, ILLINOIS in nuclear power system 


MATHEMATICIANS + PHYSICISTS + METALLURGISTS + CHEMISTS 

Inausrie fy vit Ye) HEALTH PHYSICISTS + INDUSTRIAL HYGIENISTS 
ENGINEERS. ELECTRICAL, CHEMICAL, METALLURGICAL 

COMPUTER, PLANT, MECHANICAL, ELECTRONICS 


4 
ray 
- 
~ 


PRECISION FORGINGS 
By WYMAN-GORDON 


LENGTH 29” 


LENGTH 30” LENGTH 49” 


Precision . . . close tolerance . . . low-draft ... 

no-draft — these are relative terms and con- 

siderable confusion has been created because 
they have been loosely used. Close tolerances on large forg- 
ings have been pioneered by Wyman-Gordon over the years. 
The degree of precision which is practical now becomes a 
question of economics. 


The forgings illustrated are typical of Wyman-Gordon close 
tolerance forgings that have been produced in quantity. In 
solving problems of tolerances, design and metallurgical 
quality, there is no substitute for Wyman-Gordon experience. 


WyYMAN-GORDON COMPANY 


Established 1883 


FORGINGS OF ALUMINUM @© MAGNESIUM @ STEEL @© TITANIUM 
WORCESTER 1, MASSACHUSETTS 
| HARVEY, ILLINOTS DETROIT, MICHIGAN 
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for accurate analytic results 


lei/iz DILATOMETER 


for accurate metal analysis 


Researchers consider dilatometric analysis the most sen- 
sitive and reliable method for precise determination of 
the expansion coefficient of metals, including the new 
ultra-high melt ng point alloys and ceramics. The 
DILATOMETER records volume changes in relation to 
its Own temperature (absolute curve), yielding data for 


coefficient expansion determinations 


Leitz METALLUX 


for superior metallography 


Superlative opt al qualities and 
features make this Leitz 
ice in metall 
ned eyepreces 
rtical illumination. The METALLUX is « 
phase contrast observations. Accessory 
dapts the METALLUX for ‘ testing photography 


Low position controls for fatigue free observation 


leitz SHOP MN/CTOSCOpe 


for easier metallographic examinations 


ns — from 


op microscopy to classroom metallurgical study — are 
vithin the scope P v Leitz SHOP MICROSCOPE 


of ifs prac 


E. LEIT IN¢ Department JM 
468 FOURTH AVE., NEW YORK 16 


Please send me additiona 
C) DILATOMETER METALLUX MICROSCOPE 
SHOP MICROSCOPE 


Name 


inc 468 FOURTH AVENUE, NEW YORK 16, N.¥V 


ODistributors f th « produ t 
Ernst Leitz b Wetziar many Ere Canada Ltd 
LEICA CAMERAS LENSES - MICROSCOPES BINOCULARS 


th 1231, National Metals Exposition 


‘ 
2ee us Gt 
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A wide 1 of met jrapl bservations — 
: Some tical features: compact stand with 
: | rotating glass plate; dual-mot coarse focusing plus a 
' micrometer-fine cont inclined observation tube; on 
= 
built-in, vert nination. With single- or multiple See 
clive rev ving nosepiece 
N.Y 
| 
a 
| 
43 | 
! Street 
| 
/ City Zone tale 
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METALLURGICAL ENGINEERS 
for AIRCRAFT NUCLEAR 


PROPULSION with 
GENERAL ELECTRIC 


Wide advances at General Electric in nuclear power systems 
for aircraft now call for greater contribution from Me tallurg: 
cal Engineers and/or Metallurgists. Openings at various levels 


of « aperience for 


siting Engineer Materials 


2 Principal Engineer Melting and Casting 


Principal Enqincer High Temperatur Materials rr ‘ 
" 
S mor Metallurgical Enginvers 
nt Graduate Metallurgical Engineers the direct 


Choice of two locations Cincinnati, Ohio, Idaho Falls. Idaho 
PUBLICATION OF TECHNICAL PAPERS IS ENCOURAGED 


if iq f f tl | t it the ipor 


Mr J Rosselot 
Aircratt Nuclear Propulsion Dept 
General Electric Company 


PO Box 132, Cincinnati, Ohio 


GENERAL ELECTRIC 
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BOOKS 


® ORDER BOOKS SO MARKED 
THROUGH AIME— 


Addre Irene K. Sharp, Book 
Dept Ten percent § discount 
po ble 


Brennharten, by H. W. Gronegra 
Vulkan-Verlag Dr. W. Classen, E 


en. German’ 169 pp ipproximate- 
$2.00, 1957.—A pocket-size manual 
flare hardening and localized 


heat treatment, especially for user 


f the Peddinghaus Proce The 
book 1s divided into three parts cov- 
ering equipment operation and 
maintenance material testing for 
depth of hardne how t ichieve 
iniform result cost calculation 


and an extensive biblogr ip! 


ASM Review of Metal Literature, 
1956, publ hed by the American 
Society f Vetal 7301 Euchd Ave 


Cleveland 3, Ohi 858 pp $15.00 
1957.—The thirteenth annual comp) 
ation of the vorld metallurgical 
literature published monthly in 
Metals Review The abstracts are 
rouped into broad classes on the 
basis of proce or property and are 
indexed by ibjects and author 


Gmelin: Handbuch der Anorgan- 
ischen Chemie, System-No 68, 
Platinun eighth edition Verlag 
Weinhein German 638 


pp., $90.00, 1957.—This volume deal 
ith the arrangement of the mate- 
rial, the nomenclature, and formu- 
lae; provide immaries of the more 
important ligand of the general 
properties of platinum complex com 
pounds, and of the Russian Itera- 
ture concerning them; and gives a 
general treatment of the theoretical 
aspects of the field 
Creep and Recovery, American 
Society for Metal 372 pp $6.00, 
1957 An interesting guide for en- 
gineers and scientists who must deal 
precisely with metals is provided in 
thi report of an important ion 
at the 38th National Metal Congre 
which includes 14 outstanding paper 
Recommended Practice for Repair 
Welding and Fabrication Welding of 
Steel Castings, Steel Founders’ So- 
ciety of America, 52 pp., $0.50, 1957 
Thi handy reference represent 
the first revision of this manual since 
1951 and contain a considerable 
amount of newly included material 


Filler Metal Comparison Charts 
Available, American Welding Socie- 


ar 


ty, 33 West 39th St.. New York 18 


N. Y. 24 pp., $2.00, 1957.—Sixty-one 
manufacture! cooperated by up- 
plying data on their product An 
ilphabetical index lists the brand 
name ind another index ts the 


! ] 
full names and addresses of manu 
facture! 


(Continued on page 1406 
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ELECTRODE 


GREAT LAKES CARBON CORPORAT 


18 EAST 48TH STREET, NEW YORK 17, N.Y. - OFFICES IN PRINCIPAL CITIES 
DIVISION 
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Books 


(Continued from page 1404 


> Puctile Chromium, Technical & En- 
i gineering Book Information Service 
j 7301 Euclid Ave Cleveland 3, Ohio 


‘ 
376 pp., $7.50, 1957.—Entirely new 


field of usefulne for chromium 


and it illoy ire forecast in thi 


account of the ignificant work on 


the extraction, fabrication and prop- 


of iperior oxidation resist- 


ince and strength at elevated tem- 


perature 
Glossary of Terms in Nuclear Sci- 
ence and Technology, American So- 


ciety of Mechanical Engineer 29 
West 39th St.. New York 18, N. Y 
$5.00, 1957 The book is designed 
to provide a common language 
mong medica men engineer 

chemist physicist biologists and 
other vorking with the aton It 
include three catepori of tern 


1) those invented expressly for the 


field of nuclear energy 2) these 


and em- 


erent mean- 


; and those ised elsewhere 


to nu 


cleat vorket Definitior table 
charts and formulae considered use 
ful are included in the glossary 


/ 


Charti Steel's Progress, American 
Model AO Desk Type Metallograph h ng 


lron & Steel Institute 150 E. Forty- 


Metal Kesearch taboratortes 
Hlectro Metallurgical Company econd ot, New York, N. ¥. pp 


. Niagara Balls, New York free of charge 1957 Designed for 


Division of t nien Carbide Corporation 
L \ ° the person who can see relationship 
P readily vynen tatisti are 


presented in chart form rather than 


WV n figure the booklet is convenient 
ified nto Ix ection The \ 


‘ ii their sources and use; 2) steelmak- 
Laboratory r ng capacity, its location and growth; 
\ 


vee 33 expanding steel production; 4) 
~ distribution of teel product 5) 


vages, hours and working condition 
You can count on the AQ) Metallograph, day in and day out, to produce! Pour on in the steel industry, and 6) the steel 
the work! It never balks... real workhorse, Users are unanimous in their praise industry financial affair 
“Accurate results everytime, fast and easy,” sums up their comments. Check these The Making, Shaping, and Treating 
features that make the AQ) Metallograph unequalled for quality, versatility, con of Steel, United States Steel Corp 
venience and SPEED! Office Service-Store 25 Willian 
Penn Place, Pittsburgh 30, Pa. 932 
@ Top optical and mechanical ®@ Compact...sturdy...self con pp., $7.50, 1957.—Completely revised 
quality tained console design ince it ixth edition wa ued in 
® Simultaneous visual and pho @® Brightfield, polarized, phase, 1951, the vol oe offers users and 
tographic focus oblique illumination makers of steel a comprehensive 
ummary of present-day theory and 
@ Quadruple revolving objective @ Calibrated resultant magnifi practice covering all phases of iron 
turret cations ind ste« production from raw ma 
terials to finished product 
piece carrier ban ar Corrosion: A ¢ ompilation, by Mar 
G. Fontana, Hollenback Pre 2086 
@ Graduated rotatable stage Elgin Rd., Columbus 21, Ohio. 240 
pp., $5.95, 1957.—-A compilation of a 
collection of columns on corrosion 
we” vritten over the past ten years for 
L industrial and engineering 
tr The articles are grouped into 
—————-—----------- 1 even chapters (1) Nature and Ex- 


tent, (2) Eight Forms of Corrosion 
(3 Eight Method of Combatting 
Corrosion, (4) Corrosion Testing and 


Dept W182 | 
re 
me | Evaluation (5) Material (6) Envi 
| 
4 


Please send me complete information on AO 


Metallographe 


ronments, and (7) High Tempera 


ued on page 1408) 
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a, 
. 
7 
ployed here with 
Americ 
Company 


Top strength and 
minimum shrinkage 
at high temperature! 


ily combined with 


J M 


Superex 
Thermobesto 


After a quarter century... 


other insulation 


Many ille 


rick 


ng 


ich as Je 


Magne la or J M Ineula 


there’s still no substitute for J-M Superex insulation 


for service to 1900F! 


Supe rex is the finest 
vet ce veloped for yh 
furnace applications! only 2 lbs 


Supe rex 
lation. Kasy-t 
per sq 


or pre “4 


bloek it hii on 


many also speeds and simplifies instal 


hand ily Superex 
inch thiekne 


inch under 


per 


temperature 


Mack 


bestos, Superex offers ¢ 


of diatomaceous silica and as 
) tons’ pressure per square ft. Superex 


de variet of hhiape and 


xceptional heat 


value avaliable ina 
ty 1s 
knife 

For further information write to 
Johns-Manville, Box 14, New York 16, 
In Canada, Port Credit, Ontario 


resistance excellent insulating 


And at high te mperature its 


stabil ‘asily cut with an ordinary 


unsurpassed: it combines low shrinkage OF 8aW 


with excellent thermal effect TLRS 
tands the il abuse en 


easuy with physics 


countered in normal service N. ¥ 


For medium temperature applications, specity J-M Superex M blocks tor temperatures to 1600F 


Johns-Manville INSULATIONS 


MATERIAIS ° ENGINEERING 
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Saves waste. Superex comes in 7 
tandard thickness from | 


4°. Other sizes available on order. 


FOR LASTING 
THERMAL EFFICIENCY 


APPLICATION 


1407 


af 
& 
\ 
> 
by 
2] 
: 
In 


HOW TO CLOSE LARGE GAS MAINS = *=**: 


(Continued from page 1406) 


A Handbook of Hard Metals, by W 
Dawihl, Philk ophical Library Ine 
15 E. 40th St.. New York 16, N. 4 
$10.00, 1957.—Thi 
important fheid 
lurgy and the 
pide of metal 
point The book contain 
il of technical 
ulated form. Refs 
listed 


rts and 


lcropraptl 


Magnesium Casting Technology, by 
A. W. Brace and F. A. Allen, Rein- 
hold Publishing Corp 430 Park 
Avi New fork 22, ! Y } 1957 
The ook describe in attempt 
which hi made to present ob 
vely both ritish and A ! 
practice again yackgro 
more F ical and 


prope tl metal. 


Neutron and Gamma _ Irradiation 
Facilities, Superintendent of Docu 
ment U. Ss. G. P Washington, 25 
D. C. 79 pp., $0.60, 1957.—-The book 
describe the 40 irradiation facilits 
| either operating now or expected to 
go into operation soon. Twenty-six 
ire nuclear reacto! 14 are gamma 
ray facilities equipped with source 
of 3 kilocurs or more. The book 
explain ervice each facility pro 
vides and tells how to obtain them 


Welding Handbook, American Weld 
ng Society, 33 W. 39th St New 


York 18, N. Y. over 560 pp., $9.00 


1957 The fourth edition is claimed 

A E to be the most comprehensive work 

} ’ on welding ever published by the 
4 


American Welding Society Now 
available is Section 1 


Corporate Secretary's Manual and 
Guide, revised edition, The Parker 
Publishing Co. Inc., Englewood Cliffs, 
of nature —the linear expansion and con- N. J., 1600 pp., $12.50, 1957.—The man 
traction of steel—is used to open and ual outlines the duties of all corporate 
close gas mains equipped with these officers and provides for corporate 
valves. When steam 1s applied to three ecretary with a convenient check 
list of the thing iat must be done 
for the efficient and legally sound 
handling of corporate’ affair It 
for swinging to open or closed position hows how to prepare and conduct 


A powerful, completely dependable force 


sets of tubes they expand to separate 
the flanges, thereby frecing goggle plate 


Designed to protect men and equip- corporate meeting explains proper 
ment, Bailey Goggle Valves are safe and parliamentary procedure; gives i 
tance on stock dividend taxe 
borrowing and thousands of other 
matters with which the corporate of 
ficer must deal 


Bailey Mechanical Goggle eflicient on gas washers, blast furnace 


Valves are produced in mains, precipitators and boiler plants 

Gem Diameters range from 36” to 120”. 
Professional Engineers’ Income and 
Salary Survey, by the National So- 
ciety of Professional Engineers, 2029 
K St. N. W fashingon 6, D. C 
$1.00, 1957 TI urvey, third u 
erie ti a National 

COMPANY ety in 1952 

of 17,000 qu on returned 

from regist ro onal engi 
neers in all chnical branche 
The y sh an increase of 21 


i page 1410) 
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NOW 


98), pure fused 


Vanadium Oxide... 


immediate delivery 


... LOW price 


Previously, fused Vanadium Oxide 


was produced to purity specification 


of only 86 to 89°7. Now, advanced pro 


duction techniques make it possible 


for ELECTROMET to provide it at 98° 


purity —at no increase in price. 


This new grade of vanadium oxide 


provides these properties for ferrous 


and non-ferrous alloy uses: 


@ Low alkali oxide content virtually 


eliminates fuming problems. 


@ Insolubles content—mainly silica— 


reduced to new low insuring man- 


ufacture of higher quality non- 


ferrous alloys. 


For more information write ELECTRO 
METALLURGICAL COMPANY, Division 


of Union Carbide Corporation, 30 East 
42nd Street, New York 17, N. Y. 
In Canada: Electro Metallurgical 


Company, Division of Union Carbide 


Canada Limited, Toronto. 


METALS DO MORE ALL THE TIME 
«ee THANKS TO ALLOYS 


Electromet 


FERRO-ALLOYS AND METALS 


Analysis: Vanadium Oxide 98%, Alkali Oxides 
1-2%, Sulfur 0.05% Max., Insolubles 0.20 Max 
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Supplement to Encyclopedia of 
American Associations, published by 
the Gale Research C 1116 Book 


lower, Detroit 26, Mich. $15.00, 1957 


tier f the activitie and purpost 


Instructional Film Research Reports 
ime Il, put hed | the Office 


of Technical Se ce U.S. Dept. of 
Commerce, Washington 25, D. C 
1033 pp. $6.00, 1957 Volume I of 
eri PB111000 Instructional 


Film Research 1918-1950, 165 pp, a 


fro OTS at $2.50 a 


available 


copy 


Faster solution-heat- News of 
treating with EDUCATION 


a Hevi-Duty & Allegheny Lud ur Steel Corp. ha 


made a grant to Rensselae Pols 
tecnni Institute toward the alary 

of a professor to lead study ana re 

CONVECTION BOX FURNACE earch in the general area of the 
melting and olidification of metal 

Thi eul rant of $5000 will be 

Phe Beryllium ¢ orporation use this Hevi-Duty ipplied to the ervice of Wylie J 
Multi-Range Convection Box Furnace in thei Child vho has been appointed the 
proce control laboratory for solution-heat Visiting Profe ol on the depart 
nental staff. Dr. Childs, who has been 

treating “Beryleo feryllium Copper alloys. The 
laboratory director reports outstanding results vill devote his major effort toward 
ind economy due to the following advantages building up laborator research and 
teaching in the general field of melt 
ng ‘ olidification of metal 

1/007 F depending on the alloy being treated) is made terested for some time in problen 
possible i motor driven fan that curculates the hot of melting and casting mataia in the 


pases through the densest of | ! ind by 


2 Direct, even heat radiation to ail surfaces of the trained in these eler 
load t Hevi Duty Return Bend heating elements on oratior currently cari or 


3. Control of temperature within », throughout » mercial scale particular! at 


4a nation of oxidation by use of a protective 


Freedom of both hands fo id « ring. discharging 
5 r rapid harging, discharging Union Carbide Corp. T! 
md quenching i foot treadle operated door 
total of Union Carbide ut! iu 
te scholarships to 660 at 95 Liberal 
hor further information about Duty 
‘ and eer colle ‘ i 
Convection furnaces, write for Bulletin 341R 


ty tud va f ece 
HEVI-DUTY ELECTRIC COMPANY iry fees, as well a innua t 
~— MILWAUKEE 1, WISCONSIN —— Men 
Heat Treating Farnaces... Electric Exclusively be awarded and administered 
Dry Type Transformers Censtant Current Regulators ( tinued page 1414 
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Books 
pet in the median carning of engi 
: a on the questionnaires returned, and 
rive other valuable information 
he 
4 3 tior ocietie mizatior ind 
; Va labor unior ire listed in the i 
- plement. Each listis includes the 
» 
ty i f me on 
268 four-year 
a 43 col 
nstitute and 
rhe new scholarships provide tull 
for f of nd radu 


You'll want these books for they cover 
virtually every aspect of nuclear energy 


ADVANCES IN NUCLEAR ENGINEERING 


The 138 papers and discussions in this in reactor applications. They deal with 


PARTIAL CONTENTS Fuel 
lecture, Production. and Recovery. Fuel 
Cycle Interreletionships Spent Fuel Proc 


two-volume reference are from the 2nd problems of corrosion and include signifi 
cessing Aqueous and Non-equeous 
Nuclear Engineering and Science Con- cant information on the radiation responses Economics of Nuclear Fuels Plant Con 
tainment Concepts and Design Plant 
ference. They deol with the complete fuel of important reactor materials. Addition Components. Waste Disposel, Protec 
tion of Water Supplies Shielding. Struc 
tural Protection and Control of Fission 
cycle from the availability of natural re ally, these volumes contain several hundred 
sources to the radioactive recycle and references, an author index and a compre Radiation Protection. Merchant Ship 
ralety Radiation Processing Reactor 


Desiqn. Reactor Core Design Educe 
tional Use of Reactor Uranium Metal 


waste disposal. They cover reactor plant hensive subject index which gives you 


. > lurqy and Radiation Effects Metallurgy 
design in all its detail. They discuss the quick access to every subject covered as of Weamas Raanetn, Raeeiocee af 
metallurgical processing of materials used as to related material. ond Al 

loys Nature! Resources Reactor Plant 


Instrumentation. Reactor Control end Sim 

Edited by John R. Dunning and Bruce R. Prentice ulators, Reactor Instrumentation Develop 

ment Primary Coolant System 

Treansler and Heat Evolution Problems 

Vol. 1, 523 pages 306 illustrations Vol. Il, $81 pages. 600 illustrations 84° «11 $35.00 Related to Heat Transler, Stenderdise 


tion in the Nuclear Field 


of move 3 HOT LABORATORY OPERATION 
AND EQUIPMENT 


1957 NUCLEAR CONGRESS 


which featured the 2nd Nuclear and 


This book contains the most complete ment for hot chemical, physical, mechanical 


5th Hot Laboratories Conferences 


was sponsored by the following or information currently available on the and metallurgical operations, operational 


tion th "gir 
Engincers equipment and tools for handling radio and maintenance problems; those en 


Council coordinating their efforts 


active materials. Included are the sixty countered in hot cell installations and in 


Amer Chem Soc Amer Geollnst Amer 
inst Chem Engrs Amer inst Elec Engrs 
Amer Inst Indus Engrs Amer Inst Mining 
Met & Pet Engrs Amer inst Physics 


| 

odd papers presented at the Sth Hot specialized operations such as, the opera 
Amer Nuclear Soc Amer Public Health | plus a considerable amount of additional reactor pump loops, the removal and dis 


Laboratories and Equipment Conference tion of decontamination facilities and of in 


Aun Ame Rocket Soc Amer Soc 
Civil Engrs Amer Soc Engrg Educ 
Amer Soc Heating and Air Conditioning 
Engrs Amer Soc Mech Eng: Amer 
Soc Metals Amer Soc Testing Materials 
Amer Water Works Assn Engrg inst of 
Canede Federation of Sewage & Industrial 
Wastes Assns Health Physics Soe Hot 
Laboratories Committee inst of Acro 
Sciences Inst of Radio Engrs Nat! 
indus Conference Boerd Soc Automotive 
Engrs Soc Navel Arch & Marine Engrs 


material added by the authors after pre memberment of radioactive in-pile units 


sentation of the papers Topics covered and a shielding pot that can be used as 


range from a discussion of the principal either a horizontal or vertical carrier A 


engineering design features of hot labora cross-referenced subject index is also in 


tories to the key specifications of equip cluded 


Edited by Frank Ring, Jr. and P. J. Glasson 


308 pages 304 illustrations 64 «1! $17.50 


“PROBLEMS IN NUCLEAR ENGINEERING 


Covers most of the fleld of “reactor safeguards reviews reactor | AMER SOC MECH ENGRS Date | 
materials, their properties, behavior and uses; treats reactor desigr | 29 W 39 ST., NEW YORK 186.N. Y | 
components and techniques; deals with the processes of heat generation | 
ect i i 
heot transfer, and fluid dynamics | Send me the books checked below. In ten days | will remit for the | 

. . books | keep or return them post paid 
376 poges 284 illustrations 84" «ll $17.50 | ° | 
| OC) Advances in Nuclear Engineering 2 Volumes $35 00 | 
| Hot Leboretory Operation and Equipment 1 Volume $17 50 | 
P LEM | Price of the three volumes. $45 00 | 
| () Problems in Nuclear Engineering $17 30 | 

The contributions in this volume are concerned with waste disposal and | | Reactor Operational Problems $17 50 | 
radiation hazards, dissolution of solid fuel elements, the chemistry and | Price of the two volumes $278.00 | 
engineering « f the aqueous processing of fuel and blanket materials | | 
pyrochemical methods, methods involving fluoride volatility differences, | 
experimental low-power assemblies, reactor physics, instrumentation and NAME 
control | Print 
286 poges 204 illustrations | ee $17.50 | ADDRESS | 

These two volumes were edited by D. J. Hughes, Stuart Mclain and | ary ZONE STATE | 
Clark Williams The 87 contributions in them were selected from the | | 
popers presented at the Ist Nuclear Engineering and Science Conference | Give compeny connection | 
held in Cleveland, December 1955 

| Write here sponsoring organisation in which you hold | 
| membership | 


**Price of these two volumes,$28.00 
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NOW — THREE “CHROMTEMP” 
EXOTHERMIC FERROCHROMES 


for large ladle additions— 
up to 2% chromium 


With these advantages 
euniformly high chromium recoveries 
0 95% 
@ close analysis control 
@ fast solubility 


ene weighing just count cans contain- 


ing exact amounts of alloy 

@ palletized shipment for convenient 
handling 

Nada niy 0.05 arbon for each 1.00% 


a /0-to-l chromium 


“CHROMEERMP 
Ache 


chromium addition, a 12.5-to-l chromi- 


yoo earbon for each 1.00% 


enurbon ratte 


12 
Adds only O.12 


I for experier 


fast delivert 


METALLURGICAL 

ion of Union Carbide 

! treet, New 

Met 

wlurgical Company, Division of Union 


Carbide Canada Limited, Toronto 


METALS DO MORE ALL THE TIME 
THANAS TO ALLOYS 


Electromet 


FERRO-ALLOYS AND METALS 


i trade-marks of Union Carbide Corporation, 
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wn 
chromium addition, an &-to-l ehromium ‘ 
t carbon ’ 4 \ 
. 
Pe 
The terms “Chromtemy Kieetromet,” and “Uni Ca le” ate rey ister 


Serves Industry's N on-Ferrous N eeds. 


COPPER 


«——* 


For well over half a century, American Industry has found 
AMCO a reliable and dependable source of high-quality copper, 
lead, zine, tin, and other non-ferrous metals. 


This enviable reputation has been maintained by means 
of untiring efforts to improve the already high standards 
of quality and customer service for which AMCO 


has always been known. 


AMCO’s world-wide resources assure an uninterrupted 
flow of raw materials with which to supply Industry’s 
‘specification” metals. 


ever-increasing demands for 


Outstanding examples of AMCO’s success in meeting 
Industry’s requirements are: 


OFHC*— Oxyyen-free, high-conductivity copper of 
highest purity, developed expressly for 
electronics applications 


AMPHOS"— Oxyvgen-free, high-purity copper with 
phosphorus added by an exclusive process, 
created for the special needs of tubing 

manufacturers 


UNIFORM ~— “Specification” zinc tailored to meet 


consumers’ special requirements 


For further information on these and other AMCO 
products, please contact the Metal Sales Department— 


AMERICAN METAL COMPANY, LTD., 61 Broadway, New 


CHICAGO 


York 6, New York 


LOS ANGELES 


BO DETROIT 


TON 
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rechnology were 
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of Engineering and 
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undergraduate work 
Closely lated fields of mechanical 
chemical or metallurgical 


ithern 


nuclear 
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In 
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Warner, 
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College 
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nuclear en 
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tudent 
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che 
will be 
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try Nuclear engineerin 


4 


ACCESSORIES 


Cooling Coils 


AVAILABLE 


Extra 
xtens 


Tanks - 
ATHODE 


ANODE 


fons 
ETCHING . 
for Etching 


Molders 


Cathodes 
Cathode 


2120 


program, using 
nuclear 
estab- 
men- 
in 


-department 
pin-pointing 

broad sweep 
in the 
Carnegie 
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new course 
top 
lished 
tioned 
al 


of 


above 


and a 
cours¢ 
field 
enginecring 

September 


course 
begin a 
that 
undergraduate 
program after 


may 
1958 


nucle 
ean©riy a 
tudent 
graduation 


taking 


the 


now 


may enter 


program 
conduct- 


& ORSORT, a co-operative 
which Carnegie Institute | 
for the Atomic Energy Commis- 
offs ring a high leve ] 
The student, and 
government employe 
by his employer, takes 

pre-ORSORT study in 
mathemati chemistry, 

university 
Oak Ridge, 


anothne! IX 


ing 
ion, 1 course 
ubject 


or 


in nucleat 
industrial 
ponsored 
ix month 
physi 

on a 


to 


and engineering 
then 


to complete 


Cut pu Rot 
Tenn 
month cla 
work 
technology 

The fir 


concentrated 
and 


ified 
in reactor mechanism 
of the ORSORT classe 
at Carnegie completed its work on 
July 26 and beg it essions at 
Oak on September 9. Its mem- 
bers received college credit for their 
work and several will be awarded 
mastes degree 
Group II of the 
dents commenced 
will finish January 30. Subse- 
quent classe will begin at Carnegis 
Tech February i September 


1958 


an 


tidgpe 


ORSORT stu- 
July 29 and 


pre 
on 
next 
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ELECTROPOLISHER 


FOR 
METALLOGRAPHIC 
SAMPLES 


SIMPLICITY IN OPERATION 


INTERCHANGEABLE 
ELECTROLYTE TANK 


IMPACT and CORROSION 
RESISTANCE 


EASY TO FILL and EMPTY 
CONVENIENT ELECTROLYTE 
STORAGE 
COMPLETE ELECTRICAL 
INSULATION 
INCREASED SAMPLE AREA 


GREATER ELECTROLYTE 
CAPACITY 


VERSATILE POWER SOURCE 
RIPPLE CONTROL 

FIELD TESTED and APPROVED 
REASONABLY PRICED 


LLURGICAL APPARATUS 
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New modulor-type vacuum induction furnace — Model FIM-300-— 50 to 300 pounds capacity 


Here’s your special vacuum furnace 


... it comes from our standard stock...and it stays special 


is immersion thermocouple, and op 


| IAC lot ol me tie lds Vactiuin illurg I 
hanging fast, making it hard to ph wocessing that w . , . 


match the market as years roll by. 
There’s a 12-inch flange above 


Solution: Modular Furnaces bulk-« 
lular tur will take a 


lie cible for adding a 
harging chan Ihe inch mold well 
ne sure answer to this predic ament is to buy 7» old table When 

these 


naces units you can expand as the need arises Such a SCini-continuag hic tion 
furnace 1s our ne to 00-pound lurnace expand our ¢ ) or 
) pound efheiently. With pound ingot und 


It handles melts as small as 


the correct size crucible you can take the basic unit up to 


unds. Observation windows, a bridgebreaker, a 


ng cup with interlock, and a gauge-valve relay rack 
cabinet give mu the controls you need for uncomplicated 
vacuum metallurg 

var needs call for ev 


thie basi unit 


Consolidated Electrodynamics 


Rochester Division, Rochester 3, N. Y. 
formerly Consolidated Vacuum 


SALES AND SERVICE OFFICE IN PRINCIPAL CITIES 
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= 
tial hit 
nple, you could pour six $00 
wel, thie way, is flanged and can be provided 
in a variety of depths. Even with the indard well you can 
pour in molds 4 deep aot 
And so. aif you mit to break inte ina 
modest i thy po i ns f future ¢ that ill 
not i i] investment wir lurnace 
trolled produc EEE is ready with built-in Get to know it beuer by writing for our Bulletin P4-36 < 
accommodations for such things as a sampling device e « 


is tougher than this hardness 

| indicate That's why it withstands the shock 
tron Pay maximum return pet dollar of ivainsat crap Produced by l'nited 
ested. High hardne helps lengthen its |i wngineering & Foundry Co., Pittsburgh, Pa. 


Ni-Hard ball outlasts others by 3 to 1 
...breaks 27,000 tons of scrap and still on job 


\ Ni-Hard* drop ball earns you money because its 


Smashing scrap since 1953 this 48” diam- In addition, it 
eter, 16.770-Ib. Ni-Hard drop ball till 


iron, A list of authorized producers is yours for the 
resistance to abrasion greatly increases its life asking. Write for it now. 
look at this one, for example on an open hearth 
crap drop at United States Steel Corporation's 
Youngstown District Works. 

The ball looks battered, with one side slightly 
flattened out... but it should be after the service 


has already qiven 


istered Trademark 


Vhis Ni-Hard ball has broken up some 25 tons 


of serap a day, seven days a week for more than 
three year 


months in the same service. Yet after 40 months 

the Ni-Hard ball is still in use. As a result of its 

unmatched resistance to abrasion, it still retains its 

working weight Ni-Hard drop balls come in variou s, and applications 
You'll profit by using a ball that stays hefty include fragmentation in reclaiming steel scrap from lag 

longer as it breaks up your serap. So specify your breaking up cast iron serap, powdering rock and the like 


lhese drop balls were cast by United Engineering & Foundry 
next drop ball in Ni-Hard nickel-chromium white Company. 


Balls made of other materials averaged only 1314 


THE INTERNATIONAL NICKEL COMPANY, INC. 


« New York 5, N.Y 
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Self-Hardening Hot-Tops, a Swedish Development 


At the Eastern Section of NOHC, R. R. Fayles of Lukens Steel Co. presented a 
paper on Steel Plants in Europe. Among other developments, he told of seeing 
at Avesta and other steel works in Sweden a new hot top made in the pit from 


sand or crushed slag and wetted with sodium silicate. The mixture ts formed in 


the mold by use of a simple collapsible tool—called Umbrella. The mass ts hard 
ened with CO., and the umbrella is collapsed and lifted out. The top can be 
made for almost any mold size in less than 8 min. It it is now being introduced in 


the U. S. under the name of Tiger-Top 


At left, collapsible umbrella for large slab ingot mold; at right, hot-top made by new technique 


Large New H-lIron Plant 


Construction of a $3.5 million plant for the production of 50 tpd of iron powder 
will be undertaken shortly by Alan Wood Steel Co. at Ivy Rock, Pa. The plant, ex 
pected to supply some 25 pet of the U. S. market for iron powder estimated at 32,000 


tons annually, is to make use of the H-Iron process developed by Hydrocarbon 


Research. The plant’s hydrogen requirements will be met from the firm's own 


coke-oven gas, while ore—in the form of high-grade concentrate— will be supplied 
by the Scrub Oak mine at Dover, N. J 


New Krupp-Renn Plant at Essen, Germany 


Three of the six kilns of one of the world’s largest Krupp-Renn plants are re 
ported to be in operation at Essen, Germany. Financed by eight Ruhr steel firm 
and the European Coal and Steel Community, the plant upon completion will 
supply 400,000 tons of sponge—90 to 93 pet Fe—to relieve tight scrap supplie 
The kilns—110 m long and 4.6 M in diam—are being fed on imported low-pho 


phorus ores 


New Metallurgical Laboratory 


The Caterpillar Tractor Co. of Peoria, IIL, opened its new Production Metallurgi 
cal and Materials Testing Laboratory last month. Designed both as a quality 


control and a process development laboratory, the new facility can run metallo 


graphic, spectrographic, chemical, and ultrasonic tests on all materials going 


into Caterpillar products. Also unveiled was the first commercially successful 


application of boron-bearing cast carbon steel made by the acid open-hearth pro 


cess. Designed for use in a tractor sprocket, the new alloy was developed in cor 


junction with Harrison Steel Castings Co 
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MCA Tungsten... 
in all forms for all uses 


All tungsten products are processed at MCA's 
plants within the USA, assuring consistent uniformity, 
Steel makers are invited to consult with MCA in 


Manufacturers of tool steels and high speed steels 
find tungsten extremely effective in the form of Ferro- 


‘Tungsten (approximately 78°07 W.) as an additive to 
the application of tungsten to steel to obtain the de- 


electric furnaces, 
sired objectives . . . hardness, toughness, resistance to 


Other tungsten products are also available in vari- 
ous forms abrasion, magnetic properties. 


Pungstic Oxide 
‘Tungstic Acid 
Ammonium Para-Tungstate 


Sodium Tungstate 


An informative book, “Tungsten Steel” 
recommends procedures found to yield 
best results. Write for your copy today! 


CORPORATION OF AMERICA Pittsburgh 19, Pa. 


Offices Pittsburgh Chicago, Los Angeles, New York, San Francisco 
Brumley. Donaldson Co, Los Angeles, San Francisco 
Cleveland Plants Washington, Pa, York, Pa 


Tungsten Metal Powder. 


Grant Building 


Sales Representatives 


Subsidiary Cleveland Tungsten, Inc 
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a proved G.E. X-Ray 


I \ () T iH () \ J | () () () product to make your 


products better 


\ 


Million-volt X-ray inspection: routine 


voltape radi wraphy on mass: produ tion basis can slash 


MISCO speeds 100% inspection of 

. . . hie cost oO r 

blades with radial radiograph 

To fill your nondestructive testing needs, Genera 


Using a G-E Resotron 1000 and a | ially designed Electric offers a complete from 


jig, Misco Precision Casting Co., Whitehall, Mich., now 140,000 to 2,000,000 vo nual, seman automaty 


px ts seven limite ii miany jot cngine turbine blades Or automatic Ooperatiot oOntact your 


they did with their lower-voltage (250 GE x-ray repr ntative, or write X-Ray D partment 
for Pub AY-114 


per exposure as 
kvp) equipment. This 1s just one example of how super General Fle 


Progress ls Our Most Important Prodvet 


GENERAL ELECTRIC 
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for rotary kiln service in the ALUMINUM industry... 
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HARBISON-WALKER REFRACTORIES 


of special merit... for every requirement 


The many different requirements of linings for 
the various kiln operations in the aluminum 
industry are fulfilled to best advantage by the 
Harbison-Walker brands especially suited for 
each specific set of conditions involved. 

These include the calcination of aluminum 
hydroxide to alumina; bauxite to eliminate 
combined water: limestone to caustic lime; and 
petroleum coke for driving off volatiles. 


H-W QUALITY BRANDS SATISFACTORILY FULFILL 
THE REQUIREMENTS FOR THE FOLLOWING 
SEVERE CONDITIONS: 


ABRASION by impact as imposed by hard lump 
material 

ATTRITION resulting from grinding by fine abrasive 
duat in joints 

SLAGGING by lime, alkalies and ash constituents 
of ‘ oke 

SPALLING induced by thermal shock 


REDUCING ATMOSPHERES which can cause disinte- 
gration. 


H-W BRANDS WITH LONG SERVICE RECORDS 


ALAMO super-duty fireclay--wear and spalling 
resistant 

VARNON chemically similar to Alamo with physical 
properties enhanced and a high degree of immunity 
to carbon disintegration. 


ALusiTe.70% alumina refractory having highest 
resistance to fluxing by lime and other basic oxides. 


FIRECLAY BRICK — various high-duty and super-duty 
brands of superior quality are available from plants 
which afford lowest transportation costs— Pennsy!l- 
vania, Missouri, Ohio, Alabama, Texas, Kentucky, 
Maryland 


DURO and WYLAM A outstanding abrasion-resistant 
refractories 


Also all classes of Plastic Fire Brick, Castables, 
Mortars and Cements and Insulating Refractories. 


HARBISON-WALKER REFRACTORIES COMPANY 


AND SUBSIDIARIES 


General Offices: Pittsburgh 22, Pennsylvania 


World's 

Most Complete 
Refractories 
Service 


ll 
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Variety—you can choose from a wide range of finishes for magnesium 


Smart, modern furniture is just one ¢ xample of how finishes paint base. Anodizing provide S exception il corrosion, heat 
for magnesium are widening design horizons. Whether for and abrasion resistance. In addition, any metal which can be 
appearance, protection, or a combination of both, the right) applied by electroplating may be deposited on magnesium 
finish is available. Magnesium can be painted, chemically What about your products? If you're not making use of mag 
treated electroplated ind coated with pla tic or rubber nesium lightre trength and durability—and the variety of 
To meet the rigorous standards set by the aircraft industry finishes for magnesium—there’s no better time to start than 
there are air dried and baked paint firsishe with excellent right now. Contact your nearest Dow iles office or write 
adhe bon, Hnipervion rie ind wear re fou for more information Titik, CHEMICAL COMPANY 


“ance Various t pes ot chemi il pr kling provide the It Midland Mic higan Department MIA L405P 


YOU CAN DEPEND ON 
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NOTHING IS 
TOO SMALL TO 
BOTHER WITH 


new high OF a 
1 
vacuum heat 2 ty L 
treating 


facility 


Consolidated Reactive Metals is proud to announce the acquisi- 
tion of a modern Vacuum Heat Treating Facility. .. . If your require- 
ments call for full processing of Zirconium, Hafnium, Columbium 
or another of the Reactive metals into Wire, Sheet or special 
shapes... If you require “Bright Annealing” or Vacuum Diffu- 


sion services. . 


Consolidated Reactive Metals is ready with swift and dependable 
service. Each processing step is under the careful supervision of 
experienced engineering personnel. Whatever your problem, our 
technical personnel are ready to assist you in finding the eco- 


- Cte 


PRESIDENT 


CRM 


CONSOLIDATED REACTIVE METALS inc / 43 WEST 46th ST, NEW YORK 46, N.Y. « JUdson 2-2332 
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EDITORIAL 


Institute of Metals Division 


Presents Purposes and Programs 


U NDER the Bylaws of the Institute of Metals tees is to examine the progress of science and 
Division, as constituted under The Meta! technology in their fields and arrangs and sched 
lurgical Society, one of the objectives of the Di- ule programs at timely int rvals when pro 
vision 1s to provide gress and interest dictate. Such committees are 
already operating effectively in such fields a 
“a medium for communication and cooper- nuclear metallurgy, titanium, high-temperature 
ation among those interested in any phase metallurgy, and powder metallurgy 
of theoretical and applied phy sical metal- New committees were authorized by the Exe 
lurgy, including those advancing, prac- cutive Committee and are being activated in 
ticing, learning, or otherwise primarily the following areas: Electrical and Magnetic 
concerned with the science, engineering, Metals, Shaping and Forming Corrosion Resist 
economy, or technology of the metals in ing Metals, Physical Metallurgy Heat Treating, 
dustry in this field (producer and consum Structural Materials, Joining, Ferrous Metal 
er). Physical metallurgy encompasses par lurgy, Non-Ferrous Metalluryy Melting and 
ticularly the under ‘ttanding and knowledge Ca tine Surface Treatment, Refractory Metal 
of metal behavior, the manufacturing prac It is hoped that these committee will better 
tice for fabricating metals, the develop serve the membership by developing more © 
ment of metal and their alloys, and the tensive activiti and participation throughout 
nature, structure, heat treatment, prop the Division. It is our intent that at least one 
erties and utilization of metals.” committee will interest each member of the 


Division. If you would like to participate in these 
It is thus the responsibility of the IMD to | i 
F ; tical new activities, please contact R. W Shearman 
it t rovram: ificant c 
maintain timely programs in significant critica Secretary: R. L 


ou! Smith, our Program Chait 
areas of theoretical and applied physical metal 


man; the Chairman of the appropriate Technical 


lurgy. In the past we have depended largely up- . nce 
{ | Committee, or write to me or to W. J. Harri 
on our publications to develop our programs, bu 
J Jr. If you think that other new committees are 
recently these have been decentralized It be- : 
' appropriate, please contact J. Harry Jackson 
comes essential to form additional technical - oS ‘ 
: Chairman of the Scope Committee 
committees in those critical areas where they do 
not now exist. The purpose of technical commit- WR Aibbard. I. 
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Nickel 

Mone! 

Inconel 
Molybdenum 
Cobalt 
Nickel-Chrome Alloys 
Stainless Steels 
Jet Alloys 
Titanium 
Zirconium 
Tantalum 
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Not a single piece of serap making up your 


shipment of secondary alloys from Frankel contains 


less than the amount of alloying agents 
you spec ify. This means that the average 
content of the alloying agents is to the maximum 
side of your specification. 
That's your standard Frankel bonus. 

You pay nothing f 
No wonder more and more buyers of 
special alloys are turning 


2 


| 


bp Ruht an area of some 2000 sq miles extending along the Ruhr rivet 


ward from the Rhine for 40 miles to Dortmund helters Furope tight 

est concentration of industry. Some 10 pet of Western Germanys labor force are 

jloved here; it has nearly a third of the Counts industrial plants and 
produce ome 90 pet of it hard coal 

Prior to the 17th Century, the Sjeverland, a neighboring area to the outh 


was the center of the iron smelting industry of central Europe. It was only in 
the 19th Century that iron making comme need in the Ruhr with the discovet 

of local ore deposits, but this ore output eached its peak in 1860 and then 
dropped off to negligible quantiti “eo its still exist in some neighboring 
epions, but it was coal that made the Ruhr, and since 1870 the Kuh mill 


consumed more imported than domestic iron ore 


Again alive with a rene wed fervor of production pulsating in its vein today 
the Ruhr’s ferrous and nonferrous industry expanding output ts becomins 
more and more dependent upon imports of coking grades of coal. Ruhr coal 
mine brought into full production in the middle of the last centul hi been 
heavily taxed to sustain German power in three major wat and today, in spite 


of considerable investment, they are unable to match their production of metal 
lurgical grades oi coal to the present mounting peace time need The result 
a search for new metallurgical techniques, some of which are outlined in thi 


ue on Germany's Ruhi 
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by F. Weston Starratt 


THE AUGUST THYSSEN HUTTE 


help rebuild important 


American equipment and technical know-hou 
teel mill heavily damaged by wartime bombings and largely dis- 
with almost completely 


(,erman 


mantled dur ng the early po Today 
wide-strip mill, and its crude 


new equipment, une luding a 66-1n. continuou 


oaching the pre-war figure of 2.4 million tons, the August 


Thy en Hutte stands as a monument to German-American technical coop- 


eration 


OUNDED in 1890 in a suberb of Duisburg, Get in the other steelmaking plant only a few furnace 
FE‘ rT the August Thyssen Hutte ATH—wa had been spared. The rolling mills had uffered 
built) direct on the Rhine River with its own most: all three blooming mill ix finishing mills, 
hiro fivcnditne providing cheap and easy tran as well as the four-stand sheet rolling mill had been 
j t, and ne the mill aece to the Dutch and lost. Only two finishing mills, which included a 
Belpian sea ports as well as the west German canal five tand mill for semis, rails, and structurals were 

ley Of equal importance are mine producing retained 

quialit eta cul coals located adjacent to 
he steel plant. With such an ideal lecation. thx The deconcentration program— 


Sugust Thyssen Hutte prospered greatly, and by the — getachment from coal 


it eak of World Wa Il it had a capacity of 2 } 
no metric ton f crude steel. Its rolling pro Almost equally serious for the August Thyssen 
ted of tructurals. merchant bar Hutte was the Allied deconcentration program, de 
le-flangved beat und special quality sheet igned to break-up excessive concentration of Ger 
man industrial power. While the need for such an 


relation to various horizontal group 


January 1945—Production stopped operation in 


recognized, the program for the disengage- 


in wu 
joa ected by Alhed bombings, the Thy ment of steel mills from coal mines and coking 
en Hutte discontinued production in January 1945 plants wa ibject to considerable controvet 
Duru the ensuing months considerable progre rhe Thyssen Hutte, the main unit of the forme 
is made the clearing of rubble and in the repat Vereinigte Stahlwerke, was not only split from the 
Pequipment, but pet on for re imption of pro othes teel mills of the organization, but also it wa 
duction was not inted by Allied occupation author eparated from its raw material basi coal 
uae Phe plant la ‘iimost idle for over two yeal As has been pointed out, ATH was located directly 
on coal deposit oO as to provide the most economic 
October 1947—Plant scheduled for ut Mention of this vital aa material, but during 1947 


eparate firms were set up to mine and carbonize 


complete dismantling 
this coal. Such an awkward situation was only par- 


In October 1947 all equipment for the production tially mitigated through long-term supply contract 
of no and steel, together with auxilliary installa drawn up with the new coal firm 
tion vus carmarked for dismantling. Of the 4 mil 


to f crude steel capacity scheduled to be November 1949—Limited scale 


, ome 60 pet fell on the Thyssen plant. Di 

antiu turted in September 1948; after a tem Things began to change for the August Thyssen 
pore t was continued with ever increasing Hutte—-and for the Ruhr steel industry in general 
ntensity from May 1949 until finally stopped by the in November 1949 when agreement between the 
ete tn Avreement with the Alhed occupational newly formed Federal German tepubli and the 
iuthorities in November 1949 Alhed High Commission put a final stop to disman 

by that time ATH had been reduced to 20 pet of thng and permitted resumption of limited produc 

ts prewar capacit Of the approximately 117,000 tion at the Thyssen Hutte. The agreement allowed 
tons of equipment removed, 70 pet was scrapped the production of 600,000 tons of pig iron per yeat 
and of i nor part of the remaining 30 pet wa from three blast furnaces and 117,000 tons of crude 
usefully employed elsewhere, Seven out of the eight teel per year from two open-hearth furnace Be 
Dlust furnace had been retained, but all of these emet teel and rolled products could not be pro 
hid to be epaired and relined The furnace and duced 
equipment in three of the four teclmaking plant With the plant in a general state of di repair it 
had been completely dismantled or scrapped, and took some time to put even these facilities into 
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1952, Long-term 
program begun 


reconstruction 


With hope revived, work turned toward planning 
a rebuilt August Th en Hutte equal in capacity to 
that of the old plant 

It can be ied that the rebuilding of ATH pro 

fed al pportunit eldom enjoyed by the oldet 
teel 1 In its reconstruction installation could 
be made of the latest types and designs of high 
efficien teclmaking equipment. This provided the 


or a complete rationalization of the rolling 


program to take advantage of new high-speed roll 
! ills and changes in the market for steel prod 
ict In Germany, as in other industrial countri 
teel de ind had shown considerably greater em 
pl on flat product particularly of the thinner 
ade Phu in rebuilding, ATH foals were not 
mere the prewar crude steel capacity, but an efh 
cient up-to-date steel mill with a rolling program 


the needs of the German market 


A technical assistance agreement 
with Armco 


k illy ealizin that ink man Way the German 
teel indust! had fallen eal behind technologi 
call ATH took active means to learn of the latest 
American steclmaking technique The compan 
pre im depended to a great extent on the purchase 
of Ame can-made equipment and cooperative tech 
nical prograt with steelmaket Thus, ATH 

ned an agreement with Armeo whereby Armco 
e! ot would serve in a consulting capacity in 
the de n, installation, and early operation of the 
re mil ATH employees were also sent on exten 

ve training programs to the vw ks of Armeo te 
be t the t earn on-the-job the ope ition of 
thie itest ft ( ! ind furnace ATH ilso ha 
close connect vith U.S. Steel Corp. with whor 
ire exchat nforr 


In the new ATH, the main empha haus been the 
continuous hot wide trip mill Vill teel furnace 
ippl n it ifficient steel and con 
and sheet handling equy 


MO! 


CANS 


capacity of 24 million metric tons of crude steel, shows 

heavy emphasis on production of flat products 
ment cde ned to further proce its output. Never 
thele production is not limited to flat product 
and the new plant includes a heavy finishing mill 
remaining from the old plant ind @# medium finish 
mill One new bloomin labbing mall roll 
bloon for the latter two mills, and another new 
bloomur labbing mill suppli labs to the con 
tinuous hot-strip mill. ATH 1s, thus, in a position to 
ip} ts forme line of rail vide-flangved beam 
tructurals, and merchant bat as well as the new 
field of productior hot and cold rolled coils and 

In addition to the above nvestment in new plant 
ilso included i coke-oven plant with 445 oven 
even rebuilt blast furnace ix new 40-ton con 


Blast Furnaces 


Flowsheet of rebuilt August Thyssen Hutte, with its prewar 


Misers 


Basi 
Plan 
- = |. Shop N - - 
Hearth 
Shop No 2 
400 000 met fons ste 
Blooming Slabbing Mal 
Heavy Finishing Mill 


Continuous Mot Strip Mill 


Shearing Line 


Cold Strip Mill 


NOVEM 


Ten ton Morgan machine charg 
ing 250-ton open hearth fur 
nace built by Loftus Engineer 
ing Co. American charging tech 


nique 1s used because it provides 


“shortest charging time with a 


minimum expense for cranes” 
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yperation. But in March 1952 the first phase of re BS 
construction Nia compieted wit! three blast ful [\ [\ 
naces and two open Nhearth furnaces again in opera a 
— 
wig 
Mise 
cl 
f 
6 6 
a 
Intermediate Mil 
Rolled St 
ae 
Ae 
Rebuilding features wide-strip mill a 
5 
4 


plan: a Hallden fly: 
Hallden Machine 
nco-s9endaz 


November 1957—Reconstruction yanizing li e by Aetna 
program nears completion 


Standard Engineering 


ATH of 


riented tran 


New ATH places emphasis on open 
hearth steels 


rhe increase in the proportion of flat product 
yram of ATH from 2.5 pct prewa! 
has been reflected in a s! 
produced, Thus, in the new plant 
apacit W id cheduled for the open heart 
15 pet of the total crude steel output compared with 
nly about 25 pet in the prewar plant. While the 
f the partially rebuilt open hearth shop 
nain ibstantially as before 35,000 metric 
completely new open hearth shop No 
onstructed with a monthly capacit 
tons and room for further expansion 


outp is almost entire! 


hoy rebuilt) with 

$0-ton converte! to a monthniv 

‘ 110.000 metrie ton emphasis has been 

yx nriched blowuns i to produce 

American financial aid helped . Pht: 

f the quality and type required for rolling on the 
rebuild ATH V1 j m Th asic be emer plant produce 
large ly fo! the 
rofile i} but a substantial 


wide-strip mill 


race of steel 


New open hearth shop features Europe's 
largest furnaces 


The completely n 
A full operation 


tw 


Control pulpit tor soaking pits 
features closed circuit television 
close up of both blooming/ 
slabbing mills to provide tor 


continuity of operation Con 


trols are largely Minneapolis 
Honeywell built Each ingot ts 
accompamed by a tog bearing 
its analysis and heat number 
this tag s placed in a pigeon 
hole corresponding to the in 
gots position im soaking pit 
furnaces 
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ertes four! 250-ton furnace n the new oper cluded in the origina ng sheai 
; heart! lant N nd x furnace fou etained for hot strip made t a third 
from the old plant n open hearth plant No. 2 down-coller for the E. W 
is gal- 
by Electric Furnace 
it a larger and a mort 
‘ Gad fi ro uctio rogram. A fur- 
Apart fron battery of coke oven ut present diversined Tat produ prod AcLION pI 
: ince construct : of the fae iy n the lon ther step in this direction is a recent agreement with 
i? « plan have been put nto operation Before the Armco fo! production by Ft icon teel and 
end of 1957 ATH thus. have regained its pr ts rolling into grain-oMiEEEsformer sheet in 
icle cupacit ofvan mnimetric tor France 
nu reater empha ony 
ti | al thie cont in i “ap 
hortape ind the ATH already produci rm 
1 pet more | n than during prewar da t 
i ial cay million metric ton iron 
nsufficient when it considered that 
ne blast fur ‘ A eneral be down tor re 
nit there ©, ATH } plans for an eighth fut 
nace, completel new and on the cale of the larype 
} t furnace bye furnace to be co 
pleted in 1959 thre a est in Cre nat 
. hearth d eter of 9m and a daily production of 
1500 metric tons of ion 
It can be immed that there will be further add 
lo ¢ tee] cupacit for vill i trip 
cif £ and med itt ma 
Open hearth iy for the wid 
fini hing mill with combined Cay icity 
ome hier Vil peat ed. Initial 
finanein throug ants and various forms of 
id t thie over! ent of N i-Rhein West 
falen and thee il mn ent. but 
durur the last two fiscal ve the ¢ teelf ha open hearth shop No. 1 
; met a Considerabls mount of the capital expend ne has four 250-ton open hearth 
tures | emmvesti ts own ine ‘ furnace evo designed by Loftus Engineering Co 
Much of the equipment and } how for the and two by DEMAG in conjunction with ATH eng! 
new ATH purchased in the [ e of th on 
‘ financed from the Germa le, but some of if \ caretu tud was made of the technique of 
i i i ‘ aid rie in i open heartt furnace chat I whethe it be t the 
S10 million Export t Bank | made duru Classical German technique with a scrap bin the 
Act thy tte ised large ength of the open hearth shop and a turning crane 
Thies f wdditional equiy ent not in or by the American method with charging 
— 
12) 


on rails in front of the furnace and a charging ma 
chine Decision was for the American technique 

hortest charging time with 
a minimum expense for cranes”. Two 10-ton charg 
built by Morgan Engineering Co. have 
thus been installed Further American 


can be found in the mechanization of the 


because it provided the 


ng machine 


dolomite 
Blaw 


purpose 


iistribution in the furnace prior to charging 
Knox machine are being used for thi 

In order that production will not be unduly de 
eemingly ever-tight scrap market 


pendent upon a 
made up of 40 pet liquid iron 


the furnace charge | 
and 60 pet scrap—this by European practice is a 
very low scrap charge. A 1000-ton mixer has been 
installed for the liquid pig tron 

Fach furnace has a hearth area of 90 sq m with 
maximum depth of 420 mm; they are of basic con 
truction with the exception of the main arch, Each 
open hearth has two air heating 
capacity of 560 cu m of which 365 cu 
checker brich The 
mineral oil, or tar oil. Either oil 
prior to burning, and air for the 


ed to 7 atm and heated to some 


furnace may be fired Wi 


compre 


Fach pouring is from 250 to 270 metric tons in 


one ladle. Top poured ingot molds are used with 
four molds placed on one car, and from 36 to 40 
ingots are cast at one pouring. These ingots weigh 
rom 7.5 to 14 metric tons. Stripping is done by two 
10-ton stripper crane and the hot ingots are moved 


oaking pit 


Soaking pits fully mechanized 


Phere are 32 large soaking pits at the new ATH 
each with a capacity of 60 to 75 ton From one alt 
conditioned control pulpit directions are ven fe 
the loading and removal of ingots. An identification 

d recevied by air tube from the casting bay 

imultaneously with the ingot thi card ubse 
quently follows the ingot throughout its entire roll 
! ind proce ! In the soaking-pit pulpit, the 
card is placed in the proper pigeon-hole, represen 
! ts position in the respective Oaking pit 5 
meal of a telewriter, the pulpit receive the anal 
of the ngot tro the laborator and tt 
nscribed on the identification card 


Two of the three slab heating 
furnaces built by Rust Furnace 
Co. supplying the 66-in. con 
tinuous hot strip mill Each 
furnace has an hourly heating 
capacity tor 100 tons of slabs 
heated to 1280°C 


The soaking-pit pulpit has a large control panel 
Honeywell built which, by mean 


of colored light autematical how when ingot 
have reached the prope temperature 

From these OuKIN pit hot ingot are fed to 
either bloomu abbu mill. In this transfer, the 
operator in the pulpit is aided by two television 
cameras placed some 100 yds awa at the rolling 
mill The operator can watch evet movement of 
the ingot on hi creen, and, at the same time, he 


Can have the next ingot ead toy be pulled from the 


there of operation 


oven Thu a continuit 


Two blooming/slabbing mills 


labbing 
10.000 metric tons pet 


The ATH has two bloomin mills with a 
tv of 
employed to roll bloom fo 


the econd roll 


combined rolling capaci 


month. One ts largels 


the profile and semis mull vhiile 
labs for the hot strip mill. The latter mill inelude 
a hydraulic shear for cutting slabs in lengths up to 


6 m The rolled lab have a wel ht from 3.5 to & 


metric ton a thickne from 100 to 200 mm, and a 


width up to 1550 mm 


Slabs are allowed to cool and are then searted in 


the usual manner. One interesting feature of that 
operation is the use of a portable ultrasonic testing 
which ha adapted to test 


oundne of slab The machine ts used to 


been especially 


check the oundne oft the top of each slab 


Three slab heating furnaces of 
modern design 
The ATH plant ha 


recently put into operation it 


third ib heatu furnace de ned by Rust Fur 
nace Co. Each has a hearth measuring 6.6 x 26.6 m 
and an hourly heating capacit of 100 tons of slab 
Slabs are heated to 1280 C by a mixture of blast 
furnace and coke-oven pa Furnace regulating in 
truments are of Minneapolis-Honeywell manufac 


ture 


The 66-in. continuous hot strip mill 


The new continuous hot strip mill, built by Ger 


man rollir mill manufacture: is the only one of 
its kind in German and thus it fills a considerable 
gap-——even a chasn in the counrt teel output 
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Cold-rolled sheets produced on 


American equipment 

One of the two down-coilers built by E. W. Bliss Co. for the 
Thyssen continuous hot-strip mill. A third down-coiler is now 
on order for this 2-million ton capacity strip mill 


educ 


ansheld 


~ 


Eighty five meter long continuous pickling line built by Wean Engineering Co. for cold-rolled sheet mill of August Thyssen Hutte 
Space has been provided for installation of a second line 
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3 yacit anf ilmost 2 million ton 
elude e bre ‘ f fou - 
; ‘ ! ‘ enet 1 
‘ nds are preceded by a rotat . 
and a il break Bach stand > . 
ov } SOOO ‘ epowe dj ect-cu 
ent te leavis the last stand at a speed 
pe the strip | i thickme from 1.5 to 3 
nd lenge ip to 600 n t is coiled or 
« of the two down-coilers built by E. W. Bliss Co wintieedd 
thre oduectior f hot-rolled sheet, coil ire 
ineotled i MeKa machine and passed through 
. 
e made uy fia hear built b 4 
» 
Wean i McKay level and a 
‘ tn 10 mi on orde! = = 
— 
; fii ‘ ‘ 
prate up to loom per see. The rolls of the mill have McKa uncoile and Taylor-Ma 
ey 16860 mm and a diar of mi equipment to join tovether the ends of the co 
the installation and tria ins of the mill, Th ol Other equipment in the cold rolling department 
Close vith Armes Cory Armeo en nelude mn anneal hop and a tempe rollu 
me ive on-the-spot technical a tance, while " built by Continental Foundry & Machine Di 
vent pecia trainiu Cold reduced coil from the temper mill ma pa 
: vith similar equipment at Armeo plant to one of two Wean shearing lines or to a Wean slit 
i | educt thy ed ne both powered | General Electric equiy 
treated in am Wean continuou picklin ment and makin use of McKa incoile! Furthe 
ie puce ovidded tor the illution of equipment nelude MeKa levels and Toledo 
econd line at a ter cate he line kee ise of cale fy veivhing the sheet 
4 
i‘ 


cold reduction department is, thus, a 
ingenuity with which German 
have adapted the latest types of American 
to their production needs. The cold re 
till not considered complete, and 


The entire 


demonstration of the 


equipment 
jluction plant 
nstallation of additional equipment is planned, par- 


fs 
Armeco-Sendzimir continuous galva- 


ticulariy an 


nizing line 


ATH, Built on coal, now imports 
from America 
1956, the Thyssen Hutte has again con- 


supplies through the pur- 
coal mining firm pro 


Since 
trolled 
chase of interest in a Ruhi 
ducing some 1.3 million metric tons of 
nually. But, even if the ATH were able to purchase 
the entire output of this firm, it would still be in- 
with other Ruhr 
remaining require- 


ome of its coal 


coal an- 


ufficient. Supply contract mine 


have been unable to meet the 
ments of the ATH with its present annual pig iron 
capacity of 2 million metric ton 

To make up the deficit ATH has been forced to 
rely on coal purchases made in America. Unable to 
exercise sufficient control over the costs of this im 
portant raw material, ATH resolved at least to have 
charged to move coal 
1956 ATH purchased 

hip-—-renamed the 


ome control over the rate 
acro the Atlantic. Thu in 


a 10.000-ton capacity cargo 


August Thyssen—to move coal from Virginia to the 
Dutch seaport With evidence that German coal 
upplies would, in all probability, be in short supply 


for some time, this year ATH signed a contract for 
el of 15,000-ton capacity to be 
1958. A third ship of 


ready by 1960 


the building of a ve 
completed by the middle of 
17,000-ton carrying capacity will be 
These ships will be able to carry not only coal, but 
also iron ore 

Another approach to the coal problem ha 
the organization of research project to di 


been 
COVEC!I 
grade of 


techniques for using some of the lower 
pilot 


high volatile flame coal A 
o-called er 


tuhr coal—the 
been set to make a 
from a mixture of finely 
ome 30 pet iron ore. About 10,000 


col 


plant ha 

coke made ground high 
volatile coal plu 
tons of erz-coke was produced in one month, and a 
60 pet erz-coke and 40 pet normal 


fully used in ATH blast fur 


xture of some 


been 


ucce 


Four-stand cold reduction mill 
built by Continental Foundry & 
Machine Div. of Blaw-Knox Co 
During installation and trial 
runs of the mill, Thyssen worked 
closely with Armco Steel Corp 
Furthermore, ATH mill person 
nel underwent special training 
with similar equipment at Armco 
plants 


naces. Attempts will be made to use 100 pet of the 


coke made from the coal-ore mixture 


ATH expands beyond own plant to 
purchase interest in other firms 


more diversified output, 
purchased con 
everal German steel plants, all 
former units of the old Vereinigte Stahlwerke. The 
first move was the control of the Niederrheinische 
Hutte, German’ wire producing firm, One 
object of this union wa 
change of 
Niederrhein 
The second major acquisition wa 
terest in the Deutsche Edelstahlwerke 
largest maker of alloy steel 
will mean that ATH will not reconstruct it old 
electri teel plant, but instead all high quality 
teel production will be concentrated at DEW, which 
Furthermore, this will 
DEW of 
en Hutte for rolling alloy 


In order to provide a 
ATH has, during the past few year 
trolling interest in 


largest 
an intensification of the ex 


upplies in order to meet, In particular, 


heavy demand for sem! 
controlling in 


DEW 


Germany’ This move 


is expanding its capacity 
permit the utilization by 
hot-strip mill at the Thy 

tee] 

The third 
of minority interest in the 
heet and tinplate 
principal customers of hot-rolled coil 
40 pet of the present output of ATH hat 
is destined for the Siegerland firm 

The completion of the Niederrhein and DEW 
transaction the Thyssen group a com 


pletely diversified line of steel product 


ATH,Germany’s largest and most 


modern steel producer 


the August Thyssen Hutte 
Hutte and Deutsche 


the continuou 


major transaction is the acquisition 
Huttenwerke Seigerland, 
and one of the 


In fact ore 


a large produce 


trip mill 


creates for 


The new ATH group 
itself, the Niederrheinische 
Edelstahlwerke, with a combined crude capacity of 
more than 3 million metric tons by the end of 1957 
largest steel producing units and 
t of the Ruropean Coal and Steel 
achieve 


will be Germany 


one of the large 
Community. This is indeed a remarkable 
ment when it is realized that only 8 years ago the 


ATH plant itself lay 80 pet destroyed 
ATH ha tated that “American know-how, 
equipment, and monetary loans have played a great 


part in thi comeback tory 
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by F. Weston Starratt 


LOW-SHAFT BLAST FURNACE HOLDS 
NEW PROMISE 


With the succe ful operation of an experimental low-shaft blast furnace 


mece 1954 in Cologne, Demag-Humboldt-Niederschachtofen GmbH is now 
building a 100-tpd furnace at the Klockner Mannstaedt-Werke GmbH near 
the capital city of Western Germany. The design and operation of this fur- 
nace utiheing briquettes containing ore, coal, and flux—is different from 


any previous low-shaft furnace. Although only design details are available 


at present, JOURNAL OF METALS hopes to publish a report on operation of the 


furnace in the near future 


ducing iron from low-grade non-coking bituminous coal resulting in a hard 


been one which ha been ue poor i brique tte compo ed of intimately associated 


mse of World War II by the in particles of ore, carbon, and flux. Such a briquett 


vhich has grasped the wort permits a rapid reduction of the metalli value in 


with varying grade ) the ore 
taken in the production of 


adequat uppli Special care must be 
been 


qualit oul ! ‘ rous of establishing then these briquette and a considerable effort ha 
tic production put into perfecting the design of mixing and bri- 
ing the op 


own hems md on a dore 
uch regions, the demand quetting equipment, as well as achiev 
tify th avy invest timum particle size and briquette dimension 


ast furnace, even if the 


upplies of coking coal Economies enjoyed in initial investment 

adequate to sustain the desires vel Not only doe the low-shaft furnace carboniza 
roduction tion proce permit the utilization of most grade 


ides in mind, work begi veri non-coking bituminous coal, but also there = are 


f 
ol 


on the design of a wosmel tremendous economies in initial capital cost which 
rrieet uch requirement W can bn achieved For the cla ical bla t furnace the 
vestment compared with the following plant is required: a sintering plant for 
¢ operation, use of some non-cokin treating fine ore a coking plant, and the 
uminous coal and fine iron ore Thu furnace with gas cleaning plant. But for the 
in 1954 a 15-tpd low-shaft furnace was put into mag-Humboldt low-shaft furnace only the follo 
wl formed enterprise Dema ing is necessary: a mixing and briquetting plant for 
} 


operation i 
Humboldt-Niederschachtofen GmbH fine ore and ground coal, and low n 
cleaning and tar condensation plant. It is at thi 


Basic principles of operation tine te cost Gmares 


ty but th probable economt 


furnace 


¢ idea of the Demag-Humboldt low-shaft comparable capac) 
the simultaneous carbonization and are obvious. Furthermore, for a low « 
riquettes made uxture of prope a Classical blast furnace with 
we fine in ground ores, fluxe hardly be considered 
bituminous coal with 30 to 35 pet It must also be noted that the ma 
to meet the demands of the desired for the individual low-shaft furnace 
It is largely accomplished rough estimated exactly. For 
emperature level and the reducing the small side of the 
h the briquettes are ubjected limited to about 2 m, but the bro 


de m 
enlarged to 5 or 6 m, giving the individual fu 


warged into the furnace. These 
it possible to carbonize especially a capacity of about 150 to 170 tpd 
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Poda ceountri 
it 
ment in th 
neee 
ome indust 
bocomin le 
of pig iron 
With 
Phe bi 
blast furt acit init, 
restuction units could 
compositt 
md im capacity 
volatile t n not vet he 
type of penetration 
thie ection 
atmosphere ht be 
oon after beu rnace 
conditions make 


The experimental furnace On the basis of 100 hr furnace operation out of 
one operating period of three week besseme! 
It was in 1954 that the first experimental furnace grade iron containing than 1.5 pet Si, less than 
and briquetting plant, incorporating these basi 0.05 pet S, between 4.3 15 pet C, some 1 pet Mn 
rinciple was put into operation in Cologne, Ger- lightly more than _and 0.008 to 0.004 pet 
While it was only a unit capable of producing ' was produced ‘asting temperature averaged 
10 to 15 tpd of pig iron, it did neverthel ome 1350°C, while ag temperature were be 
permit a considerable amount of pilot plant work tween 1400° and 1450°C 
to be done Coal requirement which averaged about 2200 
Particularly important was the succes ful opera kg of coal per metric ton of pig iron produced, can 
tion of the furnace on all grades of coal from heavy be considered satisfactory, parti ularly when com 
volatile types to the hardest anthracite. Howeve pared with the coal requirements for sintering and 
because l ack of volatile matter, the latter re coke production in a blast furnace of classical de 
quires the purchase of a large amount of additional ign. But in larger operating units lower fuel rate 
expensive pitch and renders therefore no economies, are anticipated, and it 1s expected that fuel require 
while the bituminous coals are elf upporting in ments, calculated for comparison on the basis of 
this way. Operation on brown coals was not carried coke with 85 pet C, will amount to some 1050 to 
out extensively, and while evidence indicates that 1200 kg per metric ton of iron produced 
a favorable operation is possible, further pilot plant Operation of the experime ntal furnace was pen 
tests are necessary and intended erally so satisfactory that it was decided to con 
The furnace itself has an oval cro ection with truct a much larger furnace which could be opel 
an area of 1.04 sq m and a useful cro ection be ated on an industrial scale. Such a furnace is now 
tween the four tuyeres of 0.82 sq m. From. the under construction at Troisdorf, not far from Ger 
to the charging mechanism maximum many's new capital city on the Rhine 
3.2 m, although in actual operation the The Troisdorf plant, which looks back upon a 
WO! ‘height averages from 2.4 to 2.8 m. Exper! history of 130 vear includes extensive hot and 
ment have hown that the actual carbonization cold rolling mill combined with a steel processing 
period of the briquette in the furnace is only be works. There also is an important pig iron foundry 
tne 25 and 30 min and there was a blast furnace which was dismantled 
The gas cleaning unit is an important aspect of after World War IL. The blast furnace auxiliary 
the low-shaft plant, for the utilization of high installation ore tockyard, crane installations, ore 
volatile coals means that considerable quantities of bunkers ete. were not effected by the dismantling 
tar will be carried out of the furnace. Care must 
thus, be exercised in maintaining the temperature The Troisdort low-shaft blast furnace 
fase during the dust collecting in order to 
prevent condensation of the tar. After removing the 


tar, the cleaned gas averaged some 1425 Keal per 
3() use minette ore from Lorraine, averaging under 5 


mm: German and Swedish ore fine and Ruhr pa 


flame coal of the same ize. Primary crushing o1 


Making of the existing ore bridge and ore 
bunke! ww low-shaft furnace will initially 


td cum. Its composition by volume was about 
pet CO, 3 to 4 pet CH,, 3 to 4 pet CO,, 8 pet H,, and 
29 pet N 


grinding facilities are not planned for the unit. It 
expected that during the course of operation vari 


Some operating results 


ous grade of ore and coal, possibly even brown 
At the pilot plant furnace all types of besseme1 coal, will be tried 

foundry, and open hearth iron were produced. All The entire operation of the plant is automatically 

three types were of normal blast furnace compos: controlled, with storage bunkers and the furnace 

tion, characterized only by generally lower sulfui itself constantly maintained at the proper level 

content Operation of the plant can be controlled from two 


=) 


= 


_| 


The low shaft furnace at Klockner Mannstaedt Werke in Trowsdorf, Germany. Numbers on the figure are as follows: |—lime, 
2—coal, 3—fine ore, 4—raw material bunkers, 5—drying plant, 6—hammer mill, 7—furnace gas, &—mixer, 9—dry material 
bunkers, 10—tar, 11—briquetting press, 12—briquette bunkers, 13—low- shaft furnace, 14—wind heating unit, 15—furnace 
gas, 16—flue dust, 17—dust catcher, 18—gas cleaning units, 19—tar, 20—cleaned gas, 2!1—gas holder, 22—-cleaned gas, 
23—slag granulator, 24—casting machine 
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The maternal balance tor the expermmental low shaft blast 
furnace at Cologne The Troisdort furnace expected to 


show a somilar balance 


init iid ‘ | 
Briquetting plant 


iy 


pat 
! anit r ) 


The future 
With the 
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wm WIN mad the the ther eive auto 
4 } matica controlled. The briquettes | juced during 
the initial tests at lorf have | en sufficiently 
’ 
} The furnace: The 100 to 120 tpd furnace at Trols- 
| : lorf is, as of this writing, completed and ready t 
aye nto operation a oon a ill parts of the plant 
oA measuring 4.2x2.1 m at the tuyere level; the height 
} the chal n ] } It ned vith carbon 
} the tuyere level and with il Dlast 
ant =* ‘ furnace etractori ibove th point 
There are ten tuyere four on each broad ce 
. and one on eact mall ae These will Ip} the 
240% her than in the experimental Turnace The fur 
at 
| nace ll be blown at about 20,000 std cu m per hi 
the blast pre ire will amount to at it 0.5 atn 
type init fired b LOW haft furnace Phi i} 
| itu nelude two bundle ol a ed teel pipe 
through which the hot flue gases pass to the burn 
: j ‘ re i the | quettin plant ‘ There are two gas burne fired at the ate of 
thie t furnace These provide the 2800 std cum per hr per burner, which correspond 
1} 1} rece il nformatiolr to about Z5 pet of the i produced | the OW 
thie ‘ tron. Indeed, the plant furnace 
all wall Phe furnace charged by a conveyer whicl 
j hice he haft vet fu 4 operated automat call to ! iinmtain the toch 
' steel n the furnace at a constant level. Cha ! nto the 
Fe Phe briquetting plant is de furnace is effected through four Humboldt gas-tight 
nr | the LOO-t 1 hatt turnace vitl d if type cha init 
| those with exes The ror enerall Hematite and found 
by ‘ with owe | vil at! t lat be cast ! i ! 
ned tlu It that uithourhn at i late quate prov lool vA 1] be n ordet 
he fu burden can be wried ficiently 1 for supplying the foundry with liquid metal 
Wet thires er which the fu 
! riche type fired std cu m of gas per metric ton pl is to be 
fii The dried mate il cu od treated i manne! mila it the experimental 
thie ‘ i eu ent mad collected hurnace ‘ maintainin t above ‘60 C through the 
‘ hich feeds imto the dry nker Mate nsulated dust catcher. followed by two pre-coolin 
} ly not ca ed out | the u inits with wart Vater spra vher ome ta ind 
‘ ! if te 1 if " rite adischa e hoppe lust are collected in the fort of mud in the pits be 
init radius to minu neath Ihe i leaving these units at about 80°C 
if trie hatt furnace | rite two rite ate to ta collectin 
rt trie nike comtairnin Iriel ore followed by two drop catche The a“ contaming 
bie tine e, flux nd coal wut 4 dust pe td cul then enter the final cool 
it ‘ ! COnVEeye belt into a ¢ nder-ty pe init n the lowe part of which the light ols are 
rial tel ‘ wid {ut t? pot ated thie cool wate! Then the 
the? ope i ne now eached 25 C pu ed on to the econd 
ind pitet ist be purchased trot thie cheanin consistin of one d rite ate and 
it j fata bye idded n liquid one drop catene! where it cleaned to 0.02 pel 
ct this rit wh tar convertu td cu on The first clean tae laid out for 
i ! ! fre the ‘ nto a verts std cul per hr each and will equire ore 
‘ te le to OO te 0 hp together while the econd stare it 
thre tel ast condition thy O.000 std cum pe hr and w | equire 260 hy 
te } teal conveved direct At ecove plant built, but it not 
the: it | pueettur which of expected to be in full Qperatio intil sometime next 
‘ ‘ ised f } coal eul 
1} ‘ ‘ 1 of tw ‘ bre expect ope ite the ¢ 1 natt 
‘ ‘ riche vith the or thie | int ofr a three hitt ba vill total 
its five the ri compressed betweer crew of about 60 to 70 met 
\t there two parallel t yuetti 
I} f each pre tor rye f 110 ospect ful operation of 
bette xX OO mI the Troisdort turnace i techn tandl rit 
vette trot the presse nto a cool nd the pr bilit f maki wable detailed 
‘ tor the ‘ haftt furnace ost analysi ean be expected that additional 
Phi Vt rit [the t puette init mia be erected, particula nthe new ! 
! rite i itomatical recorded fustrialized countri 


Summary of Articles 


by Rudolf Gruef, Walther Dick, and Ludwig Von Boqdandy 


ROTOR STEELMAKING PROCESS 


The recent revolution in steelmaking brought about through the develop 
j 


i] 


ment of low-co fonnage orygen has re ulted in yet another neu teel pro 


aucing tee hnigue The roto proce nou nthe plant- cale operation rage 


at Oberhausen in Germany, may hold the promise of economic production 


of open-hearth grades of steel from plant upplied with widely varying 


fypes Of tron ore 


teel ha 


mounting 


production to fill the needs of the smoking factori of iron ore available the lack of adequate Cray 

f tl ever more industrialized world. This produ upplre and the fuel requirements of the open 
tion marathon has been more than accentuated since hearth prevent a complete change-ove to the open 
World Wa Il, and today with capacit enerally hearth. Thus what required in| Rurope is a steel 
be forced to the limit, the world is anxiously producing technique, not heavily dependent upon 
earchir for new and more economic production crap and with fuel requirement capable of 
techniques designed to make use of widely varying producin teel of open-hearth quality or bette 


Requirements for a new steel process 


All of the req irement for established tea) pro 


In Ky l W Dick and K Duc ve how in graph 


aucin method ow capital md operatin cost 

Cu thie ae velopment of fterrou production 
. litabilit for ma production, and the production 

technique n western Germany ince 1800, with 

of high qualit teel emai ilich fe in) nev 
projection. te thie eur thu output on 

technique Phere are howeve numbe 

uw logurithmue cule for a 200 eal period Phi 

provement the converte proce vhicl inew 
presentation clearl now that three distinct t poe 

ye en steel producin technique must solve 


peak about 1840: se 1) Heat Economy: fF) 2 shows the theoretical 


hare ol eachit 1 | 
ond puddtl eachin it peur about neat available in the converte from the oxidation 
nd third quid steel without the ise of oOo» en of the elements wu in average basic converte pl 


01 OOO Keal could be fror evel 


W I 0 ot there be some lying lav reater part 


ind i elds other thar ten it would seem to CO, take place Vithin the converter itself, thi 


to 200,000 Keal 


iffics 


ice 


2) Flexibility of operation: A new steclmakin 


ot n have a wide depree of fle bilit Dew 


RUDOLF GRAEF, WALTHER DICK, and LUDWIG VON BOG f i ) lL ! r of 
DANDY are with the Huttenwerk Oberhausen AG, Oberhausen European mills are forced to re por ipplies of 
Germany 
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ver one hundred years the story of ore ears the proportion f converte teel in 
been a dynamic history of continually = Europe has been declining steadily, but the grade — 
raw mate lal 
Statistical analysis cries for new process : 
Phe output of each of these methods has followed an mem CONntaINI! $65 pet C, 04 pet Si, 14 pet Mn pee 
exact bola on the logarithmic ind the 1.75 pet and with the oxidation of 2.65 pet he 
production of liquid steel without the use of ox en TO eeeeeerrr—“(t;issSCs—‘(‘CNC*CSR ae 
has now reached the peak of its parabolic path ton of iron, but in the converter proce the ah 
could ft ttle of the exothermic oxidation of CO eS 
t 
from thi itistical presentation of the Nilstory of heat, amounting Nusted repvurdl 
teeiImaking that a new technique of steel production of whether the traditional converter practice ts used Ai 
nust certai be developed. And this is actually the or some type of ox en blowin Due to th 1) p se 
Cust Duri the past few years the production of Iron must contain at least 1.60 pet P in order to pro ae 
Vithout the use of ox en has fallen off UB ent heat for casting 
OX el teel producin techniques have been 
! 
loda n Europe the tandard of teel qualit 
not only adapted to the ol ranve of ray 
based more and more on open-hearth grade For 
tert 
of 


1436 


Fig |--Two hundred years of German steel production on a 


logarithmic scale Major producing 
exact parabolic peth and point to the 


tec hnique today 


techniques follow an 
introduction of a new 


Fig 2-—The heat available trom the 


exothermic oxidation of 


various elements shows that the greatest amount of heat is 


created by the burning of CO to CO 


steelmaking operations except the 


Fig 3 


rotor 


This heat is lost in all 


process 


Pig tron may be charged directly trom the blast fur 


nace into the rotor at Oberhausen It is capable of producing 


open hearth grade 


JOURNAL OF 


steel from varying grades of tron 


METALS, NOVEMBER 


1957 


ind transported long distances. The chemica)] analy- 


es of ich ores vary widely, resulti in pig iron 
with any percentage of P, Mn, and Si, and with a 
comparativel high content of S f advantage 1 
taken of all the possibilities which the international 
market offers, pig iron grades containing from 0.5 to 
1.7 pet P will be obtained. Such pi n, however, 1 
not desirable for the open hearth proce and 1 
naraly litable for the orthodox 


proce 

3) Dust control: Dust in the brown smoke of the 
converters is very fine grained and therefore diffi 
cult to separate. What is needed is a proce which 
either produces le dust or dust of a larger particle 


ize. Hot, though undiluted, reaction gases produce 
the best condition for the formation of dust particle 


of a large particle size 


The rotor process of Oberhausen—an 
answer to many steelmaking problems 


In order to solve many of the problems faced at 
the Huttenwerk Oberhausen—particularly that of 
the economic production of open-hearth quality 


teels from piz ron of varying composition devel 
opment work began some years ago on the use of 
0 en in steelmaking. Treatment of pig iron in a 


mixer as well as treatment of the steel bath using 
oxygen lances in the open hearth furnace turned out 
be I promising than ant ipated, because the 
life of the refractories was unsatisfactory. Engineer 
at Oberhausen then turned to the possibilities of 
fered through the use of a rotating vessel 

In a casting bay installation was made of a rotary 


horizontal, cylindrical vessel ifficiently large to 
receive the whole tap of the adjoining blast furnace 
amounting to 60 ton Fis s The ve el ha an 


overall length of 14.6 m, inside diam of 2.7 m, and 
outside diam of 3.7 m. There are openings in the end 
walls: one in the front for charging as well as the 
injection of the oxygen lance, and one in the rear for 


tapping, removal of waste gases, and flushing of slag 
The speed of rotation is infinitely variable between 
0.1 and 0.5 rpm. The rotor lining comprises two 
layers: a tar-dolomite layer rammed over a perma- 
nent magnesite lining of 120 mm thickne Ring 
round the front and rear end openings are made of 
chrome-magnesite brick. After the first large-scale 


experimental program, the rotor was furnished with 
tilting device to facilitate tapping. Fig. 4 show 


the rotor in operation 


Fig. 4—The 60-ton rotor in operation at Oberhausen. Instal 


lation is now being made of a second rotor, this one of 
100-ton capacity 
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The oxygen feed has been arranged in such a 


manner that the rotor is supplied with two separate 


tream primary and secondary oxygen—which 


may be controlled independently. Primary oxygen 
is Introduced beneath the surface of the metal bath 
through a water-cooled blowpipe, thereby ensuring 
oxidation and stirring of the bath. For burning the 
CO, evolved during the refining proce econdary 
directed over the surface of the bath 


Fig. 5 


The Rotor—to prerefine pig iron 


When producing basic pig iron for the open hearth 


from pig iron of any phosphorus content, lime and 
ore are first fed into the preheated rotor through the 
charging hole. About 60 tons of pig iron are then 
added from the blast furnace through a portable 
the blow- 


runner; after the removal of this runnet 


pipe carriage is brought up, and the blowpipes are 
put into position within the rotor. Following a blow- 
ing time of about 40 min, the major part of the slag 

removed, and prerefined basic pig iron, contain 


ing about | pet C, is tapped for transfer to the open 


hearth 


The Rotor—steel from low-phos iron 


The refining of low-pho phorus pig iron to fin- 
ished steel 1 


metal so tar as the operational practice is concerned 


imilar to the production of prerefined 


The refining proce is completed as soon as the re- 


reached 


quired carbon content 1 


The Rotor—steel from high-phos iron 


For refining high-phosphorus pig iron to produce 
teel, the double slag proce is used. When the bath 
contains about 2 pet C and only 0.1 to O.2 pet P, then 
4a low-iIron, high pho phoru lag 1 drawn off and 
phosphate. With burnt lime 
prepared for de- 


brought 


tapped into the 


ground to make thoma 
and ore additions a second slag 1 
phosphorization. Under this slag, refining 
to an end, and the finished steel } 
ladle. Thi 


ing used as primary slag for the next heat after the 


remains in the rotor, be 


econdary slag 
addition of lime and ore. The time between tapping 


is about 2 hi 15 min for charging ore and lime 10 to 
15 min for charging pig iron, 50 to 60 min blowing 
time, and 10 min each for the removal of the lap 


and the tapping of steel 


Dephosphorization more rapid 


During the first third of the blowing time depho 
phorization proceeds in advance of decarburization 


Fig. 5—There are two oxygen lances used in the rotor, 
one submerged in the bath to refine the iron and the second 
above the bath with relatively impure oxygen to burn the CO 


in the rotor. Rapid dephosphorization is promoted by 
early formation of a highly reactive slag, which in 
turn is dependent upon fast melting of lime and the 
utilization of a large quantity of ore in the furnace 
Soth are the result of the high operating tempera- 
tures in the rotor, Fig. 6 provides a comparison with 
normal converter and oxygen-enriched converter 
practice 

Combustion of carbon monoxide and the resulting 
rise In temperature in the rotor have a positive effect 
on the refining rate, partially due to the greater ore 
addition the 
the quantity of gaseou 
tirring effect caused by the injection of primary 
oxygen and the rotating action of the vessel. Fut 
econdary 


peed of refining also depends on 


oxygen supplied, and the 


thermore, a considerable penetration of 
oxygen into the metal is obtained where the bursting 
CO bubbles and the 
lag causes an immediate contact with the oxyzen 


imultaneous displacement of 


atmosphere in the roto 


Desulfurization effective 


Desulfurization in the rotor is much more efficient 
than in the basic bessemer converter or in the open 
hearth furnace Fig. 7. Reasons for this are the high 
temperature of the slag as well as the immediate 
contact between the metal and the oxidizing 


free atmosphere. Suitable conditions are created for 


ulfug 


a partial oxidation of sulfur, which can be contirmed 


/ 
\ \ 


Ne 


Fig. 6—Blowing curves for different processes operating on 
basic -bessemer iron The rotor shows more rapid early de 
phosphorization 


Desulfurization, a comparison between the rotor 


Fig 7 
and other steelmaking processes shows the high efficiency 
of the rotor method 
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1 to compensate 
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effect charge 
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Oxygen Consumption 


Total 
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in) thie 


tee] 


used for 


con 


to 90 std cu n 


pel ton of 
which | 
m of ©. are 


umption of oxygen 
a third of 
CO, Some 27 std cu fixed 
and introduced with it. The rest, 63 std cu 
C0US OXYVE \ uming a 90 pet 
will be pel 
dists ition 


inning of 
ipplied b 
about td cu 
teel. The 

econdary 
The 
and 90 pet 


ization needed 
ton of 


and 


between pri 


ent in the 
econdary Ox 
but by 
reduced. By raising 
between 800° and 
xhaust duct with 


econdary ma 


ygen has a purity be 


ting 1 concen- 
the 
1000 C 
the 


replaced by 


pre hea 
may be preheating 


which 


be done in the ¢ help of a 


Dust control not a problem 


ithe teelmaking practice ha enerally 
with 
ven enrichment technique includ 


LD ilted 
increase pl dust 


Pneum 
oubled 


control Ox 


been t the problem of air pollution and 
dust 
n lance o1 proce have re 
iderable oblem 
fine 
dust 


been put 


ly due 
prestion 
2000 ) 
with 


aturation of 


vaporize 
low cooins 
idden ove! met 

would be 


Thi 


partick stee 


of nucle formation 


partici barge 


rotor 
nece 
through the 
thie ooling 


e particle 


Khausted 


low ¢ 


roto 


f the w te ‘ Thee 4s cooling ore, practically any oxidic iron mate 
the iw mote als on the with more thar 1) pet Fe may be ised. Fine 
if na lent na nthe othe nov 1 ce concentrate and mull caie may ove ised advanta- 
: f } it 15 pet whict correspond to the eousl Unde local conditior replacement of cool 
: f fu midized The iitability of the ng ore by scrap may be desirable 
’ hye tre ert ret ofl nereased The on vield iron containe iin the molten tee! 
I ntent yv ‘ lemonstrated nd extra divided t the total iron contained in the charge 1 
aL er of ilfu we not nec 97.6 pet for the rotor proce including dust recov 
Dhie , content f the tee] emar} ‘ 165.9 pct for the basic be emer proce without 
thre OH OLY pet en additior ind 95.43 pet with oxygen enrich- 
i ment. The low pig iron consumption of the roto! 
! ee 997 Ky pe ton of steel—results from the fa 
vorable El of the iron a well a the high 
Before starting a new heat, ore and burnt lime are ore imput My of iron per metric ton of yield 
thie ri tol im thi W 
bie it pet Fe nd 40 pet 
mitent nd dept zation quickly en 
th entit il menta 
low minute Othat must be re 
| betore lapping the lay heat of 
ethve vith the | h temperature reserve within the 
‘ wider hiart eduction of the ire 
thie enchil tir f 41 
With tl ke content the degree of 
thie heavil ry ed, and at pre 
to 12 pet Fe in the prima la a a 
! mid Cul perm ible mi 
lav conta to 20 pet PLO itil 
hig an the O 09 pet in th met 
nat heen ticed ratio 
twee! 
tration 
, Dhermocouple mea may 
1 if ‘ of thee an air blast 
to the ope hearth, | 
Thiet unt 
rh othe bee th f Theoretical estin 
f the heat transfe how that 60 pet of the heat 
if 1} } h heat absorption of the bath pre 
teal bath les thor il 
Whi init thie i converte onl 63.2 pet 
ks f the heat it 1 anid the emainder is lost in 
} ‘ escar CO. and heat proce th tor heating 
¢ f ive Offord blast en the pa iron particle 
chedt ct ©) pet i for the rotor then | to prevent 
pet in por. The fre 
pucne low and the 
esulting Gs complex method 
Greater direct reduction of ore 
The } bis iture permits a con easil re for the burnin 
bole iantityv of «to be charved. theret gore it for maintaining 
! ! ka rie i ec of direct eductior the iron ed state vhile the 
the enera aT ble th other technique \ low pa rotor into the flue 
hited it furnace ter pu ter pe nece ary for thie 
hirect lirect te ca dephosphe formation of larg! 
pene retit ind promote effective The waste us iS @ through one pipe in 
ill ‘ nee combustion of mediatel idjacent to and 1 } irihed in a 
+) ry thre wiclat nof pho mole dust collectin plant Electron microscope 
pr? i the fhithert isu | neipal heat produce picture howed that thi comparatively imple 
thie not | ted to a certain phosphoru method of dust removal possible because the 
conte or linear particle ize 1 on the average te » time 


hat of dust particles from the converter, while the rotor «3 men per shift will be necessary so that 
irticle weight is almost 100 times greater. The Vages to the amount of 0.3 man-hr ton may be a 
iron-rich dust collected ts recirculated to the rotor imed for melting. The number of personnel for the 
as raw ore feed. See Fig. 8 pitside will be not more than 0.2 man-hr per ton of 


raw steel. For the ancillary installations about 0.50 


Process control automatic man-hr per metric ton may be required. Thus, the 
” tal expenditure will not surpa 1 man-hr per 
With regard to the measuring and controlling metric tom ef staal 
technique, gre importance was attached to the ; 

Other operating expenses: At the present life of 


the lining, the consumption of tarred dolomite plu 


knowledge of the laws of reaction kineti o that 
controlling pulses could be derived for practical use 


The decisive factor of measurement the CO con- intered dolomite for patching will be approximately 


0 ke per metric ton of raw steel. With the mechani 


tent of the waste guise For each phase of the proce 
? ) ‘ of the roto ) ( ; 
the CO content is the indicator of the main vari- cal modification {f the rotor planned, Ie than 35 


ke will be a safe estimation, which is by no mean 


able namely refining velocity, heat utilization in 
the vessel. and iron content of the slag more than the consumption of dolomite in the open 
The CO content influenced by the depth of im- hearth. Maintenance cost eem to be le than for 
the basic-bessemer steel work ince the mechanical 


mersion of the primary blowpipe into the metal a 


well a by the ratio otf primary to secondary oxyven part of the rotor are not heavily taxed 


This interdependence permits automatic control in Oxygen consumption has already been given a 
in easy and safe way. Further possibilities of control (0 std cum per metric ton of steel, This figure will 
arise from the adjustability of the speed of revolu be raised by 59 or 10 cum when including the oxygen 
tion of the vessel and the type of oxygen feed which is necessary for heating up the rotor afte 
hutdown and during repai The normal working 


High quality steels rotor produced Gage, of he 


According to the experience gained at Oberhausen, 
the rotor will probably be used in an integrated steel 
works to relieve open-hearth mills with production 
programs which are often more versatile than in the 
| S. The rotor may well take over the field of 


quantity steels with high quality requirements. It 

could be used for me!ting special structural steel 

‘ hipbuilding steel, unalloyed boiler steel, a 

A | q Lit product ) tee] 

well as high-quality semi-produc r08 os Wm Fig. 8—The electronic microscope shows dust particles from 

trip hee and bal Its proper domain 1 cel the rotor, right, to be on the average 4 to 5 times the linear 

with a carbon content between 0.05 and 0.25; how size of dust particles from the basic converter, left 

ever, there is no objection to increasing this to 0.8 

pet The proce costs are definitely le than the cor 


k pata the temperature point of vi bel optimum responding costs of the open hearth steel works and 
conditions are provided for deoxidation. The oxygen , 


content in finished steel amounts to 0.005 to 0.015 
pet which compares favorably with highest quality 


may be comparative to the proce costs of the basi 


bessemer steel work 


open-hearth and electric-furnace steel. In addition, 

the nitrogen content of fully killed rotor steel ave Future prospects 

age 0.004 pet, without showing any noticeable In addition to the 60 ton rotor steelmaking unit 

pread alread In Operation at Oberhausen, a 100 ton unit 
is now under construction and should be in operation 


Lining life seems satisfactory hortly. Its successful operation can well be « 


Thus far at Oberhausen the lining life has been pected to provide the impetus for imilar installa 


t lsewhere 
quite satisfactory, except in the immediate blowpipe —s sae 


The South African Iron & Steel Industrial Corp 


area, At this weak point the new tilting rotor will 
has announced plans to install rotor teclmaking 


enable the operator to work with an increased depth \ its 
ant ut t and ark and ji ‘retoria 
of the bath. Then flow conditions will be improved plat aly agence: . 
WOrK thereby increasing the firm crude 
Oo that a normal wear of the lining can be antici- an oor T Th ‘ 
) tons annus rote 
} it tin diam wi rei 
rotor will facilitate the patching of damayed lining ft in ler h ane ) aia 
ton heat Furthermore, it is reported that in the 
is is the case with the open hearth furnace 
reconstruction work taking place at the Burbach 
teel plant in the Saar operated b the ARBED 
Estimated capital and operating costs , 
firm ufficient space has been provided for instal 
Capital costs: At present, operational results can lation of two 100-ton rotor 
be given only approximatel Investment costs have There has, thus, already been a positive response 
been estimated at about $24 per metric ton per by the steel industry to the rotor steelmaking proce 
annum for a rotor steel works with a yearly pro 
duction of 600.000 ton building and crane in 
References 
cluded Thi { ire corre pond to the cost of the 
conventional ba te tee] WOTDK while ap j Rudolf G es ae tanter 
proximately $34 was calculated for an open-hearth 
4 the Dick ‘ I 
nstallatior gente Ju 957 egen, Ge 
Labor costs: The dail production of a 100-ton ; 7 
otor be estimated at 1000 to 1200 metric ton 1 I nad 
is ‘ ung b pne en ‘ 
of steel. For operating an installation of two 100-ton ‘ Zeitschrift fur Elektrochemse 1, 1957, pp. 222 to 226 
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SWEDEN: IRON POWDER TO ROLLED 


STEEL IN ONE OPERATION 
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d with a} 


decarburized with iron oxide. and the low-carbon 
rolled directly to compact teel. Called the Stora Powder Steel 
developed by the Research Department of Stora Koppar- 


a cold rolling operation, followed by 
treatments and rollin 
io Research Foundation in Canada 
developed a method for gaseous re 
concentrate to ponge iro! 
rolled out to directly after reduc 
ich a proce however, it must be diffi 
ve at the extremely high degree of reduc- 
needed, and also to obtain such a pure 
ate that the gangue content of steel will not 
» high. When using concentrate as raw material 
140 pet of teel weight, 
about 15 pet be 


the raw material is largely pig iron 


nount of concentrate 1 


the Stora proce 


As compared to the above mentioned processt 
the Stora powder steel method has the advantage 
teel directly from pig iron 


that it produces a clean 


and concentrate using a conventional heating fur 


nee the powder mixture ts enclosed in a steel 


With thi 


imple method it has been 


o make steel with the desired carbon 


at the same time, a low amount of oxide 
The quality of the steel quite compara- 


tee] 


Pig iron is prerefined 


tt metal, from an electric low-shaft blast 

las the following average analysis: 4.3 pet 

0.9 pet Mn, 0.045 pet P, and 0.040 pet S 
refining of the pig iron has been done in the 
with an oxygen lance down into the 
his method is quite fea when complete 
al of silicon is necessary, | a rotatins 
preferable. When prerefining in the ladle 


action limited, which results in a 


LW ster trip 
tent brought Al 
| ele A avy 
il i duct 
is? ! vhi 
cine 
miixture cult 
Vhich hole i tion 
pProdueed adult ore 
heated it i ber be 
thie enuction be the j 
completed 
vill 
olled in a con mill 
visen-Zund for the pro- found possible 
fuict «of anulated to a content and 
! ranulation, the Es are partly oxidized ble to ingot stil 
mid the purticn vet an oxide irface layer ul 
decarbut 
vith carbon The 
! vith lo furni 
Phe miu f powde 
decarbul ut bre 
le inot-t ‘ ladle 
connection is that tl bath 
rem 
Pathe: 


Fig. |—Powder steel with a) 0.15 pet; b) 0.06 pct; and c) 0.02 pct Si. Not etched. 60X 


heavy in carbon together with a high won con- 
tent in th lag if all 
Kaldo rotating furnace in Domnarvet, Sweden’ ha 
been found to be specially suitable for prerefining, 
and silicon contents of about 1 pet can be brought 
down to below 0.05 pet in 5 to 10 min. In this pre- 
refining operation, it is preferable to use a lime ad- 
uch that the end slag will have a basicity of 


an ordinary blast 


ation 
about 1.3, roughly the same a 
furnace slag. The iron content will then be as low a 
about 3 pet. During blowing in the Kaldo converter, 
about 3 pet ore can also be added at a silicon content 


of 1 pet. Due to the amount of iron reduced from the 


ore, pig iron yield in the preblowing operation 1 
about 


how- 


aubov LOO pet The carbon content decrease 

0.5 pet when blowing to Si- 0.05 pet This | 

no disadvantage in the granulation and decar- 
ization of the pig iron 

uson why only the lowest possible silicon 

proce is that the 


decarburization, 


content can be allowed in thi 
iheon is oxidized to SiO, during 
and the formed are precipitated on the sur- 
vinal pig iron particles. The same ha 
happen in the RK-proce Stora 
ions have hown that the ileon content 
yrought down below 0.05 pet. Fig. la shows 
ture of the tee! rolled a heet bar ut 
0.15 pet Si in the pig iron; the slag around the pig 
is Clearly At 0.06 pet Si (Fig. lb the 
definitely aner, and at 0.02 pet. Si the 
round the pig iron particle 
). Thi picture give an im 
that can be obtained in 
nt comes partly from the 
ft in the concentrate, and 
lave failed to react with 

in the pig iron 
that pig 


water, 


mulation ha been done in uch @ way 


Wa poured against ream of au 


The pai 


coming 


from a high-p ire nozzle 
| and it is only 


to vo below Zt 


Pure concentrate used 


decarburl 
ible 


been 


ilicon should be oxidized. The 


10, 0.2 mm from Malmberget, Sweden, which by 


dry magnets eparation on a Mortsell separator 
has been cleaned to a SiQ, content of only 0.10 pet 
Total gangue content in the concentrate is 0.4 to 
0.4 pet 

The amount of concentrate to be added depend 
on the carbon content of the pig ion; at 3.5 pet © it 
is 17 pet of the weight of the total mixture for a 
carbon content of 0.10 pet ind the tee] produced The 


pig iron powde! and the concentrate have to be 


thoroughly mixed before the mixture is placed in 
the box. Other oxide additions, as for instance mill 
scale, may be used, and it is also possible to supply 
the oxygen required for the decarburization by a 
previous oxidation of the pig iron powder, In thi 
case, however, the yield will be decreased 

When making thin sheet as the final steel product, 
the box has the following dimension length 1000 
mm, width 250 mm, and thickne 60 mm. This cor 
responds to a weight of 70 ky. Plate thickness ha 
been 1 to 2mm. As the 


the end product, a certain amount of material has 


tecl cover will be a part of 


to be circulated in the proce about 6 pet when 


the sheet thickne of the box is 1 mm 


Fig. 2—Section of partly rolled box with powder. At left the 
porous powder mass, at right the rolled solid steel. 07X 
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Fig. 4—-Bend test in weld of powder steel with 0.200 pct P 
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Fig 3 Impact transition curves tor powder steel, impact en 

ergy in kq per sq cm vs temperature, in degrees centigrade 

The solid line represents a rolled and forged sample that was 

normalized at 950 C, and the dotted line represents a sam 

ple that had additional treatment of a 10 pct lengthwise Fig 5—Deep drawing test of powder steel. Sheet thickness 
strain and 6 he of aging at 800 C 1 mm, plunge diom 140 mm; diam before pressing, 304 mm 


Non-oxidizing furnace atmosphere beci e mixture has a density of only 4.2, which 


f transportation of the relatively 
that is required. Heating will 
ive than normal, in capital a 

On the other hand, heating 
ive pi the proce , and 
that the heating in this case 


wader mixture 
of at. The 
ild mo be 
n. The amot pas | 
analysi pet 
openin along the 


! to molten teel temp- 
thre upper ide of 1] 


proce ‘ as well as the normal 
Total Btu-consumption for the 
iron to hot plate bar will, therefore, 


afterward OV for conventional steel proc- 


at ¢ 


to 1200 imption for a gasfired furnace with a 
production of 15 tons per hr being calculated at 
2 600,000 Btu's per ton. Total time for heating and 
decarburization wi » 3 to 4 hr for the box thick 


n of 60 mm 


ontinuous furnace Universal rolling mill employed 
of the heet 


The box with the decarburized powde! comin 
» 1200 °C is rolled ina 


520 mm side rolls on 


mixture during 


ing rolling Fig. 2 shows a section 
was interrupted. At the 

cover, 2 mm thick, with the 
iron, and to the right the 
where the plate cannot be 
naterial. In order 

1¢ powder has to 

Kne but to get 

» rolled to at least 

will mean 


“a strongly red 
be burnt in 
adiant tubs 


the finishas some 


Longer heating time 


ed of the i ni 1 TNICK li maximum 


xide, and partly % mm th may rodue ie basi 
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After tlh the | large amount of he 
bye | velded thus be more expe 
‘ les ‘ rif 
vell as operational « 
enerated during Une the only really ex 
it 5O cum per t tre 
CO and 10 pet CO | 
veld may be placed 
the be heating of ing 
Phe decarburization cored ind , 
‘ isu ‘ ed out atte 
obat be poe ble to lower thi 
‘ ature O50 ¢ Vhen laurver unit 
the time between the heatu furnace 
mn is short as possible. The furnace used es 
beat furnace with heatt ele 
trent It ‘ cule Ope ition ae 
curve il a ! atmosphere in the Will 
not be pern byl md thu direct heatu 
th 750 mm universal mill wih 
th electri ‘ tunce ¢ with radian 
; : both side rhe small gas flames coming from the 
tiilye thie i anvement hu to be used The 
sa enerated from the powder 
of a piece where 1 
ible fu we atmosphere. TI asl 
left the steel] 
the preheatin one. ol till better u 
porous ma ot 
rolled sold steel 
disti iished trot 
rime necessary for the heating operation will be be compressed to 
‘ than Whit billet heati , partly due to yptimal trength 
the fact that the decarburization takes a certain time , of the thickne 
vhich lependent on the diftusi0n 
bon and the reducibility of the non iE 


the original thickne ot 


the be nould not be il larger than nec ary, sO 
that the least possible rolling has to be done A pre 


i blooming mill, 


thickne vreater than 


60 mm } not been used is that with greater thick 
ne ‘ it has been difficult to avoid a center with a 
higher carbon content. The explanation for this ca! 
bon enrichment Vhich follow the temperature 
idient dur heatu eems to he in the fact the 
decarburization proceeds at different CO:CO, ratio 
in the waste i it different temperature At the 


lower temperature in 
be higher and thus the remaining carbon content 

at a fixed addition of oxide will be higher than at 
gradient, in- 
have to 
fo! 


the center, the CO. content will 


However, such a carbon 
the 


advantage 


creasing toward center, does not alway 


be al di 
certain application 


and may really be valuable 


Low oxygen steel 


It was a to find that it was ible to 
ich a good steel with such a imple method 
remarkable that the oxygen 
brought down to rela- 


tonishing po 
produce 


It is ¢ 


during 


pecially content 


arburization can be 


tively low values at the same time as the carbon 
content can be fixed to the level desired. At 0.10 
pet C in the steel, the oxygen content (determined 
by the vacuum extraction method) is about 0.10 
pet. This is, of course, a high value in comparison 
to normal ingot steel, but in spite of this, the prop 
erties are good, which must be due to the fact that 
the slag inclusions in the powder steel are present 
in a quite different way than in normal steel. In ingot 
teel, the slag is concentrated to isles and large! 
bands, which appear rather distant from each othe! 
in a matrix with a low oxygen content. In powde1 
teel, the slag is present as an impregnation through 
out the steel structure. Powder steel ha ome re- 
emblance to wrought iron, but the slag content | 


lower and more dispersed 


Carbon 0.10 pct in steel 


In order to arrive a 0.10 pet C in the steel an ad- 


dition of 17 pet magnetite concentrate should be 
used at a carbon content of 3.5 pet in the pig iron 
When the amount of concentrate is decreased, the 
carbon content of the steel is increased, and it 1 
thus very simple to arrive at the desired carbon con 
tent. Carbon contents lower than 0.05 pet result in 
i rapid increase in the oxygen content, and there- 
fore, the lower limit for the carbon content of pow- 
der steel should be set at 0.10 pet. The nitrogen con 
tent low, about 0.002 to 0.004 pet. Sulfur is not 
decreased during the proce but sulfur content of 


rolled from 
13 mm sheet bar to 1.0 mm thickness and cold rolled from 
1.0 to 0.23 mm without intermediary annealing 


Fig. 6—Cold rolled strip of powder steel. Hot 


Table |. Tensile and Impact Properties for Stora Powder Steel 
in Comparison to Electric Steel 


Stora Blectrie 
Vowder Steel Steel 
Ana pet. ¢ O13 
ool o20 
02 045 
Ultimate yield strength, kg per sq mm 28 27 
re tre h, kg per 
gat pet 285 
t pet Hs 
Ma tener ke per sq 106 
Impa tion temperature, 25 40 
the pig iron can easily be brought down to 0.010 
pet As will be discussed later, phosphorus content 


may be higher in powder steel than normal without 
bad effect 

Table I 
impact properts 
of 0.13 pet in comparison to killed electric 


an example of the tensile and the 
tec] at a carbon content 
teel with 


how 


of powder 


the same carbon content. The powder steel was 
forged from a sheet bar 70x13 mm to 13x13 mm 
The two steels were normalized at 950°C 

Fig. 3 shows two curves for a powder steel in aged 
and non-aged condition. Generally it can be said that 


powder steel has about the same properties as killed 
electric steel, but impact properties are not quite as 
yood. Possibilities for obtaining a still higher quality 
are at hand, and effort will be concentrated on de 
creasing the slag content still further. Powder steel 
behave quite normally in welding 


Free from segregations 


An interesting advantage with the Stora Powder 
Steel Proce that the steel is free from segrega 
tions since it produced directly from powder with 
out melting. As phosphorus is one of the elements 


U 


00000 by 
| 


| 


7—Schematic sketch of full-scale powder steel installation 
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of the pro hh 
rolling ich as is done for instance 
nould be avoided in any Case ia 
a 
$$$ 
al 
4 


regation, it 

ith rather 

a bend test in a weld 
yzing 0.05 pet C and 
mm sheet and after 


i howed the follow 


kg per sq mm 
kg per sq mm 


25.0 pet 


been made; 

like are ex 

are oxidized in 
arburization they 
mmpletely oxidized 
iowever, nickel, co 
Due to the fact that 
if the 


carbon 


Flat products best suited to process 


th a thickne of 13 mm and a width 
been produced. In some case 
been roll mut to sheets with 

been found 

Fig. 5 show 

t for dete! 
liameter of the 

plunge diametet 

i yLuipre nin 
in this case 
{04 mm. All 
Vere iccessful 

11.0 mm. It wa 
teel behaved 
as American carbody 
rolled from 1.0 to 0.23 

nnealing | hown 
ection 
thi 


« and round 


ble during the 


pid decarburiza 


Steel Proce 


mpound steel 
form the box 


Large scale operation 


Test work with the Stora Powder Steel proce: 
has not been carried out in large scale operation 


Howeve! 


has been 


every separate operation of the process 
tudied in full scale. This is true for the 
prerefining and the granulation of pig iron as well 


of the powder A pos- 
ible method of operation in full production scale 


as decarburization and rolling 
hown in Fig. 7 
Instead of working with separately manufactured 
boxes, it is quite possible to make the process fully 
hould be 
ig at the same speed as the 
alongside the box 


continuous. In such a process, the cover 


formed from a strip mov 


iu 
conveyor, in this case only weld 


are needed. The box with the powder would be one 
the powder to the ¢ nd of decar- 
burizat As it is probably more suitable to have 
the rolling mill operate at a speed independent of 
hould be cut in 
before going to the end zone of the furnace 


init from charging 


the conveyor, the hot box uitable 


length 


General remarks 


based solely 
on the Stora Powder Steel proce only a blast 


In a plant where steel production | 
furnace or cupola with prerefining and a rolling mill 
eded The heating 
mewhi art and more complicated than nor- 


furnace will, however, be 


in capital cost 
ich a plant, 


mally. It 1 ar that great saving 
and manhours per ton will be made in 
but on top of that another item in the cost calcula- 
yield is much higher 


In com 


tion is very favorable. The tron 


than in conventional steelmaking method 


to a normal steel plant, there is no iron lo 
in ag moke, scull ingot butts, or crops in the 
blooming mill. The iron yield of finished steel out of 
yn going from the blast furnace to a finished 
bar will thus be 110 pet at a carbon content 
) pet in the pig iron. For a normal steel plant 
ire is 70 to 75 pet. The ace of the sheet 
bars is naturally good, as | of sheet pro- 
duced in an earle ‘ : is no need for 
conditioning 
quite possible make heavy plate by dou- 
‘the bars in the 
irnace atmosphere can be kept strongly 
an irface can be obtained. Sheet 
tested weigh 70 kg, but a box 1 m wide, 10 m 


and 100 mm thick would weight 4 ton 


operation, prov ided that 


reduc- 


rally difficult to arrive at a reliable pro- 

duction cost calculation at this stage of development 
but preliminary data show that the 

‘owder Steel should be one to two dollar 
per ton cheaper than ordinat teel. This is quite an 
important gain, which will surely stimulate further 


development work 
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1159-1161 


i bean found pe ble to use 
witl i powde tee] an 
0.200 pet P. In the form of : 
Ultimate yield strength 27.0 
ber trength 45.4 
Elongation 6 10 
o fa only unalloyed steel 
pif I cr iit 
preference t on. During the 
| therefore. be more or 
bdenum, and coppet 
il ‘ i im | excludec 
ine of powder steel will be limited to low ZZ”™! 
theet ba 
olf 25,0 to 
; 
convent 
ent 
ma teat mat 
rningation of the 
flit heat 
lest yore ca 
Olotstron 
le cil mig 
tated at Olof 
¢ least a are 
} 
‘ if il 
i 
Phe flat product 
| ol udvantage to have a i il 
face and as small a thickne sp: =i: 
heating operation in order to get 11s - 
thon and efficient th ighput of heat 
Operation of the Stora Powder ss 
make t temptiu to try makin 
dive ‘ t? oot thve tw " whict 
hould then cor t of, f instance tains teel 
rest ide have shown. however. that the atmo le eC 
phere lecarburization too oxidizin and 
becuse of that an oxide ive formed on the il 
fice of the tual tee] and tl oxide hinders the 
of the twe teel It might be pr 
bilee f protect the irface of the taints teel in 
wt iw that it will not be oxidized, and that 
possibility is now being studied | 
felt: D ted PoE inagh: Direct reduction yield iriable density steels 
el Institute, 1939, HI, ! 169. 63-4 
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by G. Meister and W. C. Lilliendahl 


PREPARATION OF URANIUM 


METAL BY FUSED SALT ELECTROLYSIS 


Uranium metal with a purity of about 99.9 pet wa: produced on a large 
scale by fused salt electrolysis with a material efficiency of about 90 pet 
The material efficiency depends ma nly on bath composition, electr lysis 
temperature, electrode smothering, and elut tion during washing of the 


powder 


ESEARCH and development work on fused ivtic bath could not be used continuously. After 


electrolysis carried on by the Westingh three run mm a freshly charged crucible, the de 
Lamp Div. Bloomfield, N. J., was done under th posit showed a tendency to slip off the electrode a 
Manhattan District Corps of Engineet id late: wi ul from the bath. This condition neces 
inder the Atomic Energy Commission fo! the charge every fourth run and 
nercialization of uranium production bath. It was assumed at that time 
atomic pile at the University of Chicago in idition was caused by the increasing 
From the conception of the atomic bomb pro) fluoride concentration with each addition of ura 


it was recognized that metals with impurity vel niun t which affected the mobility of the ura 


havin little metallurgical significance woutk nium ion 
required, Permissible impurity level 


Experimental 


on neutron absorption. Of particulat 


was boron, which could not be present In am ) The electroly ize only. They 


exceeding 1 ppm were of the 

The electrolytic method as developed in \ The labo , \ 2% in. ID and 6 in 
Driggs and Lilliendahl and later mprov deep and « rated amp and 5 volts, Produc 
othe tion was ab ‘) tal powder per 8 hr. The 


if 


yielded uranium of very low boron and 
eteriou impurity content. No other method wi plant x n. ID x 21 in. deep and 


at that n f producing uranium ! ( ri { ; amp j 2 volts. The total produce 


capabl of in 
content o ri rT v » produce 250 Ib of uranium 


the required purity.” The low boron 


produced the electrolyti proc 


anium fine toward 
rial efhciencie were 
iseful coarser metal 
The reported eff 
nificance only a re 
erimental procedure 
no change were con 
a could be definitely 
experiment were 
‘| mixture. The 
a fun 


hown in 


fliciency at 800°C 
and confirmed the 
i enabled the num 
G. MEISTER and W. C. LILLIENDAHL, Member AIME, are ass er ru louble vert pouring the 
ciated with the Lamp Div., Westinghouse Electric Corp 
) poo! il 
field, N. J est indi e improved efficiency might 
TP 4604D. Manuscript, Mar. 5, New York Me 4 
ruary 1956 
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ss resulted powder per hr day 
from the availability of the reactant which were Loan ine f the tendency of a 
ow in boron content and from the inherent elin pontancou co Dust mil at 
nation of boron in the fused alt bath based on or the ecovel ‘ ag 
Since the heart of an electroivti i the which could be afel handle 
electrolysis cell, this paper will deal with the devel crencie are of particula i a 
‘ 
opment of the original bath composition for the ited to Ul irre ip ol Cx 4}. 
production of uranium trom a ba ( At the tre projet 
‘ to one of continuous operation Empha also templated until prev j di ay 
A be placed on othe facto which will affect the cont ed Pheretore trie Me 
iil pla n ner 
mate il efficrency of the proce vith this ot ( 
With the laboratory cell the material efficiency material efhicrene of uraniun 4 
of uranium powder recovery in the early electro tion of the lectroly se 


Table | Material Efficiencies with Continuous Use of Table V. Increase in Yield of Metal Powder with Salt Smothering 
50 Pct CaCl, 50 Pct NaC! Both 


Hath Average 
salt salt Temper Vield 
Test Smother t sed ature, °€ Powder Pet 


rantam Temper Average 
Kun Neo salt ature, Vowder Effictency 


900 
900 


Table VI. Yields of Metal Powder Obtained with the Aid of an 
Table Ii, Material Efficiencies with Continuous Use of Elutriator in Experimental Factory Production 
80 Pct CaCl, 20 Pct NaCl Bath 


Metal Pet of 

trantum Temper Average Metal Recovered in Recovery, 
Ren Ne mate ature, Powder Theoretical Keeovered Elutriator Coarse 
Vield, G Coarse, G Fine, G and Fine 


Table Ill Material Efficiencies with Different Uranium Salts 


Table Vil. Chemical Purity of Fused Uranium” 


t rantum Neo of Temper Pow Average 
alt Kune Hath ature, der Effictency 


Lots Average 
Impurity Analyzed High Ppm rpm 


Table 1V. Salt Consumption in Electrolytic Baths 


Original Math Ratio of 10 
Composition, Pet Cranium Salt Used ene 10 ? 
10 


Temper salt to Metal i if 
fatl ature ‘ Hath Vroduced ( 


calcium effect on increasing the pyrophoric properties of the 


chile ler « tent of the bath between 50 and 100 deposited powder. Continuous experimentation with 
ct hich 1 hit esult in) dissolvin increasin baths containing KUF, indicated that UF, might be 
int f caleoium fluoride and reducing the vi a Superior salt to substitute for KUF,. At the start 
i lition of the bath vhich was concurrent of the project, this uranium salt (UF,) was not 
thy prev perating efliciens The idea was tested available in quantitie with sufficiently low boron 
j i bath compe tion of BO pet CaCl and 20 content. Later UF, was used in both the laboratory 
pet Natl and plant operations. In Table III, the efficiencic 
It Table Il, a marked increase in efficiency j of baths operating on KUF., UF,, and UF 4+ KF are 
noted over that expe enced with the 0 pet CaCl tabulated 
M pet NaCl bath, The efficien however, begin From Table III it i een that the efficiencies for 
to fall off after eight run This electrolyte became coarse powder are highest with the use of uranou 
‘ cous and unusable after ten or more run fluoride (UF,), indicating that potassium is an ob 
It seemed that the material efficien ulways de jectionable element because it produces excessive 
creased cot derabl us the bath became more vi fire and therefore reduce the material efficiency 
cou probat due to increased calcium fluoride rhe yield of coarse metal powders could be in 
concentration which was theorized as troublesome creased by recharging with more bath salts, thereby 
n the early vork. To see if th explanation were keeping the concentrations of CaF, and KCl] low. In 
true everal cooling curves were taken of different Table [IV the ratio of salt used to metal produced 
bath composition These cooli curve indicated is tabulated for the early batch type of operation 
that the viscous nature of the bath after several and for the final continuously operated bath 
it vas actually caused by an increase in calcium This tabulation shows that there is a marked de- 
fluoride concentration crease in salt consumption in the operation of the 
It was |} hl desirable, however n the large 0 pet CaCl-50 pet NaCl and the 80 pet CaCl,-20 
cale operation contemplated, for a continuously pet NaCl baths. Salt consumption is reduced furthe 
operating bath to be found. The allowable fluoride in the continuously operated bath because the fluo- 
concentration for a continuous run was estimated ride concentration, which affects the viscosity, i 
! calculation as between 20 and 20 pet CaF kept low. The effect of temperature on salt con- 
In addition to the problem of fluorides the pota umption is noted in the 50 pet CaCl,-50 pet NaCl 
ontent of tl uth appeared to have a marked bath 
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‘ No coarse 9 
2 { Ye Naf coarse 75 
KUN CaCl, coarse only 65 
4 KU! to coarse 420 
to 4 coarse 615 
‘ ‘ ‘ 20 600 17,514 2,284 96 
K ‘ ] it 24 0 19.290 2.475 
25,776 21.000 1.304 66.7 
wi t Cat 20 pet won ‘ 7 
pet Cat 20 pet Nat ‘ 10 061 
‘ pet Cat 20 pet Nat 162 
( 12 10.1 44 
Jitroge 2 7.7 a5 
bale 2 100 2 
Lead 10 tS 22 
‘ 2 11 
Tita an 10 4 5 
{ KUT ‘ ilfu i 10 
batt Hy droge 7 248 
; i KUF ‘4 7 1400 1120 
t lip and Ut 
ool we * Tot et puritie 00 pet 


Athough the material efficiency had been in 
creased over that of the early work on electroly 
further improvements were alway ought. It wa 


noted that, as the electrode was removed from the 


bath of the production cell, there were always some 


jurning. The most successful pro 


cedure to overcome this difficulty was to smother the 


electrode by removing it from the hot electrolytu 


bath and immediately submerging it in fine dry so 
| 


iloride contained in a can which was water- 


cooled. The average yield of powder! In five test run 


inder the ame conditions increased from 68 pct 


without salt cooling to 82 pet with salt smothering 


Results of test runs on the production cell are given 
in Table V 
Dry sodium chloride was found best for quench- 


ing his procedure also made the removal of the 


deposit easier. If the electrodes, after smothering of 
the deposit and while it was still hot and plastic, 
were removed with a twisting motion, the electrode 


could be tripped of the depo it 
A further improvement in the yield of metal 


powder was finally made by recovering the fines by 


elutriation The fine powde! o recovered, if pro- 


perly washed, was found to be a table as the 


coarse powder, and gave good yields of fused metal 


The total uranium recovered when using the elu- 
triator is shown in Table VI 

It is seen from Table VI that, when the uranium 
fines were recovered by elutriation and included in 
the total powder recovered, then the material effi 


mency for these alt combinations averaged about 


90 pet of the total uranium added, The residue 


vhich was composed chiefly of uranium oxide, wa 


collected a ludge and converted to uranium salt 


rhis experimental plant actually produced more 


than 60 tons of pure uranium by this proce 


Purity of Product 


It was indicated that the production of pure ura 


nium was dependent upon the exclusion of many 


impuritie The electrolytic method was inherently 
able to act as a purification proce prior to the 
actual deposition of metal at the cathode Thu ut 
time calcium chloride or other intermediates would 
how abnormally high boron concentrations. These 


could be reduced to a low order of magnitude by 1) 


illowing the fused bath to stand prior to electrol 


and 2) deposition of impurities on an auxiliary 
electrode followed by the ubstitution of 
another for the primary deposition 

Iron contamination of graphite crucibles was also 
a problem at time As the crucible was the anode 
juring the electrols iron was readily dissolved 
nto the bath and depo ited with the uranium, It 
was found that the iron content of crucibles could 
be appreciably reduced by continued electrolyst 

Some idea of the purity obtained is shown in the 
compilation in Fable VII, which represents com 


posite of 7.5 tons divided into 30 lots of 500 Ib each 


Conclusions 


It was shown that uranium with a purity of about 
99.9 pet could be produced on a large scale by fused 
alt electrolysis with a material efficiency of about 
90 pet. Material efficiency depended on two opera 
tions, electrolysis of uranium salt and processing of 
uranium deposit. The main factors discussed which 


affected material efficiency were composition of bath, 


temperature of electrolysi type of uranium salt 
electrolyzed, smothering of electrode, and recovery 
of fine uranium powder by elutriation during wash 


Ine 

Over 60 tons of pure uranium were produced by 
this proce This high purity uranium, which wa 
low in boron Wii ucee fully used in the first 


utomi pile 
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Electrical Conductivity of PbO-B O Melts 


and Grace 


TRICAL conductivity of slag 


LEC V1 
if particular interest when viewed a an ie 


tivated ionic flow proce Phe won onduct 


for example, has been found to obey the Rasch 
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Aa. 
we 
=) 
by Wn C EB 
j 
_ 
| 


Hinrischen law as a function of temperature That 
tated as K A exp (—Q/RT) where 
electrical conductivity Ai a con 


f 


each composition, and @ is the energy ol 


for conduction 


fic electrical conductivitie of molten 


and of two molten boric oxide-lead 


from 
drop method de 


were measured at temperature 


by an vollape 
where terminal conductivity cell 


Which con ted Ww 


cribed ¢ 
ipported platinum 
electrode yeor container w heated 
tance furnace Melt 
H,BO, in graphite crucibles 

2.4 and 4.0 mol pet PbO 
of each melt 
ulfat 


and boric oxide Wa 


in a vert were 
prepared by de 
it C and 
to dehydrated bor 


Werle 


Sample 
PbO by the 


method at the end of each run 


analyzed for gravimetric 


taken by difference 


nent of electri ul ‘ ondut tivity and tem 
heated and 


relation hip 


perature were made as the melts were 
cooled The 
found to be identical for both heating and cooling 


7 


portion 


conductivity-temperature 
hown in hig l and 2, con 
which indicate a con- 
tant Y for in the curve 
f corre 
phase 


linear portion. Break 
pond to the 


according to the constitution 


appearance of a econd 


diagram for 


Fig. 2—Specific conductivity of boric oxide, B.0,. Circles 
refer to data of Shartsis, Capps, and Spinner;’ triangles, 
Parks and Thomas," Arndt and Gessler;” and 
squores, this research 


diamonds, 
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the system PbO-B,O,” In the single liquid range 
B,O,, 2.4, and 4.0 mol pet PbO melts have 
pectively 
found 
to be the same order of magnitude as that obtained 
by Parks and Thoma while Shartsis et al.‘ found 
it to be greater by a factor of ten. Arndt and Gessle: 


Acti- 


the pure 


YQ values of 30, 27, and 27 kcal per mol, re 
The specific conductivity of pure B,O, wa 


, obtained intermediate value 


Q, calculated from the 
ources were 28 and 27 kcal per mol, 
The activation energy for conduction 
per mol in the lead oxide-boric oxide mel 
lar to that calculated from the 
al. on several alkali metal oxide 
namely, about 25 kcal per mol at low alkali 


oxide concentration. This close corre 


ponds nee of 


activation energie indicate au modifica 


tion mechanism in B,O, network 


common 
modified by oxide 


containing univalent or divalent cation 
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Fig. 1|—Specific conductivity of lead oxide-boric oxide 
melts. Diamonds refer to 4.0 mol pct PbO, on cooling; 
squares, 2.4 mol pct PbO, first cooling run; triangles, second 
cooling run; and circles, heating run 
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A modification of 


by Joseph B. Story and John T. Clarke 


Electrical Conductivity of Fused 
Sodium Chloride-Calcium Chloride Mixtures 


the Kelvin bridge using an inductor was used to 


measure the conductivities of molten sodium chloride, calcium chloride, 


and mixtures thereof 


A capillary-type four-lead fused quart 


dipping cell 


was constructed. The effect of a small amount of potassium chloride on the 


conductivity of the melt was determined. 


N the electrowinning of sodium and chlorine from 
| odium chloride in Down 
is added to the 
equimolar amount to permit cell operation at a lower 

rature. Thi 
rent eff 
voltage efficiency by decreasing the 
ductivity of the melt. A knowledge of the electrical 
conductivity of the Downs cell melt 1 
the understanding of Downs cell operation, for the 


cells, calcium chloride 
odium chloride in an approximately 
tempe lower temperature improves cul 
iciency and ease of operation, but decrease 
electrical con- 
necessary to 
IR voltage drop across the melt is responsible for a 
ignificant part of the electrical power consumed by 
the cell 

The work of previous inve 
dium chloride-calcium chloride mixtures was re 
from. the with 


tivator on fused 0 


tandpoint of consistency 


viewed 


the results of others on the conductivities of the 
pure constituent The electrical conductivity of 
pure fused sodium chloride has been established 


with accuracy by Van Artsdalen and Yaffe,’ by Ed- 
wards, Taylor, Russell, and Maranville,’ and by Lee 
and Pearson It ha also been tudied by a number 
of other investigator The best values for calcium 
believed to be those of Lee and Pear 


chloride are 


on,’ since the sodium chloride and potassium chlor 
ide conductivity values given by them check the best 
literature value A number of other investigator 
have also reported values for calcium chloride.” ” 

Electrical conductivity data for fused sodium 
chloride-calcium chloride mixtures have been re 


Sandonnini Vereshchetina and Luz- 
Barzakov kil and Alaby- 
report no 


pr rted by 
hnaya,” Ry chkewltsch 
hey and 


data at temperatures lowe1 


Sandonnini 
than 850°C. The con 
hchetina and Luz 


Kulakovskaya 


ductivity values reported by Vere 
hnaya, by Ryschkewitsch, and by 
pure sodium chloride and for pure calcium chlor 


> 
Barzakov i for 


J. B. STORY and J. T CLARKE are associated with Ethyl Corpo 
ration, Baton Rouge La 

TP 4336D. Manuscript, Oct. 6, 1955. New York Meeting, Feb 
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somewhat from the lterature values be 
calcium 


ide vary 
heved to be best and the 
mixture data of these authors and of Alabyshev and 
Kulakovskaya (who give no data for the pure com 
In view of these 


odium chloride 


ignificant variation 
tivation of the 


pounds) show 
facts, it seemed that an inve 
trical conductivities of fused 
would be worthwhile 


odium chloride-cal 


clum mixture 


Apparatus 
Bridge System 
diagrammed in Fig. 
of thi 
bridge were for the purpose: 
resistances or making them accurately measurable, 


The bridge used in this investi 
In general, the ela 
bridge over the simple Wheatstone 
of a) eliminating lead 


gation 1 
boration 


and b) eliminating major capacitative and indus 

tive effects or balancing them against each other 
Lead re 

were kept as low as po 


lower arms of the bridge 
ible by making the leads 


tances in the 


hort and of low resistance wire. This could not 
be done in the cell arm of the bridge because of the 
remoteness of the cell from the other bridge com 


ponents and because of the high-resistance nickel 


used in the cell. Since maximum 


or chromel wire 
attained when the resistances of the 


50-0 resistors 


sensitivity 1 
bridge are equal 


lower arms of the bridge when 


four arm of the 
were used in the 
fused salt conductivitie 
1000-0 resistors were used when the cell was being 
calibrated with normal aqueous KC] solution. The 


were being measured, and 


cell resistance was of the order of 50 ohms with 
fused salts and of the order of 1000 ohms with 
normal aqueous KC1 solution. The resistors used 


were non-inductive and accurate to ©0.05 pet (Gen 
eral Radio Co. Types 500-C and 500-H) 

The lead resistance between point A in the cell 
and point E at the measuring resistor was eliminated 
by using the Kelvin bridge principle; that is, the 
voltage drop acrTro the lead from point A to point E 
was divided between the cell arm of the bridge 
and the measuring arm of the bridge in proportion 
to the resistances in the lower arms of the bridge 
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3 
‘Ke 


tance, oO! 


compen 


indut 
pe 107-J) 


4 Variable coupled in r to com 


cell capacitance Wa y Wen- 
ed by Edward ! ll, and 


Maranvill In the lk: r use, the coupling was be 


ween one oscillator lead and the bridge arm corre 
ponded to the lower right arm of the bridge in Fig. 1 
the deveiopment of the apparatus, a test wa 
t of frequency upon cell resistance 
time measurements were made only to 0.3 pet 
iin this limit, the resistance was independent of 
frequency from 1,000 to 40,000 eps. Frequencies le 
than 1,000 cps were not tested 
A DuMont Type 304-A oscilloscope was used. The 
H0-cyel filter wa a Kay Lab Model VOSA The 
(gain 
nsitivity of 
in 10,000. However 
data could hay been obtained without 
amplifies 
Fig. |—Diagram of the bridge The oseillator was a General Radio 
{02-A. A switching arrangement was made 
by a 560-0 resistor could be connected 
with one of the oscillator leads, or a 1500-0 
n parallel across the leads. This was done 
i load of approximately 600 ohms for the 
for either fused salt or standardization 
nductoi ment 
matched 
led with a vitceh acro 


connected (Rubi 


Furnace—Details of the cell assembly are shown 
in Figs. 2 and 3. The furnace was tubular, 16 In 
long in. bore (L.. H. Marshall Co., Colum 
bus, Ohio). This furnace and its controller (of the 
ame manufacture) maintained the sample at con 
tant temperature. Under the best conditions of the 
juilibrium, there was no measurable 


change over a period of 15 min 


per right 
11,100 (in 
po 


owever, there was a slight temperature varia 
The average of measurements was taken over a 
riod of 13 min, during which time the temperature 
anged 04°C. The close fit of the equipment pre 
vented a determination of the vertical tempera 
ture gradient in the furnace under operating con 
ditions, but such a measurement of | hielded at 
rangement showed a zone of at lea } 
middle of the furnace which had a total tem 


Table | Electrical Conductivity of Fused Sodium Chloride 
Calcium Chloride Mixtures Table Il. Electrical Conductivity of the Fused Ternary System” 


Temperature, Conductivity, Ohm ' Cm Temperature, Conductivity, Ohm Cm 


Table Il. Electrical Conductivity of the Fused Ternary System” 


Temperature, Conductivity, Ohm Cm 
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made to behave as a pure resiswmmr only differ- 
‘ sof entiy enough therefrom tO for the 
P, 6 mall inductance in the measuring arm. This wa 
a 2 ‘ 
lone by using a variat r (2 to 52 phenri 
General Radio Co | n erie with the 
roe ner and 
' 
The 50-0 re 
were of the 
ft the bridpe 
\ 
‘ md point 
of the individ 
; One of the lea 
vhich a de resistance bridge 
W heatstone yridpe No L452) Thi 
myvement permitted a determination of the 
‘ tance of the lead it each cell ten 
‘ Thine i ‘ fiancee measurement 
wn of the } due i b-decade O 
of 100) ‘ to (Gaeneral Radu 
vith a decade O-111.0 tep 
of OW) ve (Cjeneral Radio Co. Type 670-F) 
had a mall nductive effect 
Phi fused ilt cell had Ve capacitance 
’ (of the order of 100 pfarads) which varied widel 
vith temperature In order to make he bridge 
proper! the eell orn of the dye 
7 142 
thu le 4 pet ca te i 
“4 
‘ 
24 
an ao 4 
12 41 net sodiu hloride. 4471 


INNER ELECTRODE WIRES 


WAX SEAL 


PORCEL AIN 
INSULATORS 


RUBBER TUBING 


FUSED QUARTZ CELL 


| 
OUTER ELECTRODE LEAD 
WAX SEAL \ || 
+ | VYCOR JACKET 
RUBBER 
STOPPER 


VYCOR TUBE 


PORCELAIN i} | 


THERMOCOUPLE WIRE _ 


OUTER ELECTRODE 


LEAD 


INNER ELECTRODE LEAD 


Fig. 2—Upper portion of cell assembly 


gradient of 1°C. The sample itself served as a con 
tant temperature bath for the capillary. The cell 
assembly was inside a 30-mm Vycor tube 36 in 
long. The space between the tube and furnace wa 


partitioned by annulat taink teel plates, Le 
rings perpendicular to the tube, spaced 1 in. apart 
by porcelain thermocouple insulators. This was done 


to simplify temperature control. The cell came into 
the furnace through the top of the Vycor tube, 
and the sample through the bottom. This permitted 
measurements on a series of samples without re 
ioving the cell from the furnace 

Conductivity Cell—A_ high-resistance’ dipping 
type cell was used. It was constructed from a fused 


rtz microcombustion tube (Sargent Co. S-21770) 


The tube (exclusive of tip) was 525 mm long 11.25 
mm OD, and 8 mm ID; the tip was 30 to 45 mm lon; 
$25 mm OD, and 1.5 to 2 mm ID. The re tance 


measured was that of the material in the capilla! 
tip. One electrode was inside the combustion tube 
t consisted of a loop of 0.040-1n. ni kel wire arched 
to prevent its approaching the capillary too closely 


The ends of the wire were the lead and wer 


eparated in the cell by porcelain thermocouple i 
ulation. The other electrode was another loop on 
the outside of the cell. In early measurements tt 


was of tl ame nickel wire as used for the inne! 
electrode. but it was found that, even with an argon 
flush. enough oxvgen entered the furnace during 


ample change to embrittle the nickel. In later 
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INNER 
ELECTRODE LEADS 


PORCELAIN 
SPACERS 


Fig. 3 


measurement 


was held in place by a 17-mm Vycor tube con 


centric with the 
of indentation 
pa 
opposite 

lead and the 


couple wire The tip of the thermocouple (chro 


mel-alumel) w 
middle The té 


with a precision potentiometer (Leeds and North 


rup No. 8662) 


The sample wi 


tube in. long 


larger test tube 


measurement 


test tube 4 in. long: a silver foil evlinder wa placed 


between the t 


and ¢ illar 


tendency of the 


ide the outer 30-mm Vycor tube, a 25-mm staini 
teel test tube 3% in. long was later substituted 
The sample tubes were pushed upward to the cell} 
a length of 22 or 25-mm Vycor tubing Radia 
tion and convection losses through this tube wer 
minimized by acking the tube with asbestos disk 


eparated by 1 


The equipment was used at temperatures as high 


as 1035°C 


cell. Into this Vycor jacket four row 


aves between the cell and the jacket. Two, on 
were used for the outer electrode 


other two Vere ised for thermeao 


nperature measurement wa 


for support and safety. In the early 


the larger tube was a 25-mm Vycor 


from furnace radiation Because of a 


in. thermocouple insulator 
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PORCELAIN INSULATOR 


FUSED QUARTZ CFLL 


OUTER ELECTRODE LEAD 


VYCOR JACKET 
UWNDENTATIONS NOT SHOWN) 


VYCOR TUBE 


STAINLESS STEEL 
TEST TUBE 


VYCOR TEST TUBE 


THERMOCOUPLE LEADS 
4 (UPPER PORTION NOT SHOWN) 


VYCOR TUBE 


ASBESTOS DISCS 


Lower portion of cell assembly 


chromel strip was used; thi trip 


were impressed. This made four 


placed against the capillary at it 


contained in an 18-mm Vycor test 


This test tube was placed inside a 


tube to shield the thermocouple 


larver Vycor test tube to stick in 


ARGON 

| 

ARGON 

| 

1} 

| 

| 

\ 

d 

- 


Procedures vernight j Il, ipon approaching the tem- 


bhe cell wi Oo! lower 


N 
| the fused 
up of reagent grade 
ure Ww melted and 
to decrease the cal 
then cooled and pulver 
composition of the mixture 


mical analy 


Results 

The ex; nent data on the conductiviti 

lcium chloride, and 

in Table I. Data showing 
ium chloride-calcium chloride 
mall amounts of the minor 
constituents potassium chloride and 
Hiven in Table II and Il 
in the represents the 
taken at the given 


ium chloride } hown more 

For convenience, the ternary 

das being derived from a binary 

titution of a portion of the sodium 

ar amount of potassium 

of the ternary melt at 

{ th that of the corresponding 

<ture The effect of substituting 1 mol pct 

chloride for sodium chloride is to lower 
ity by 3 pet 

Table III were taken with the inten- 

ning the effect of small amounts of 

ride on the conductivity of the Down 

However, the composition of the 

ated enough from the intended composi- 

factory comparison cannot be 

be used to advantage, how- 

ood estimate of the conductivity 

odium chloride-calcium chloride 

Such data are needed for draw- 

curves in the low-temperature 

’ } timate was based on the Ala- 

and Kulakovskaya” data on the effect of 

nounts of barium chloride on the conduc- 


Table IV. Effect of Small Amounts of Potassium Chloride Upon Table Vi. Comparison of Best Literature Values for the Conduc 
the Conductivity of the Downs Cell Mixture at 570°C tivities of Pure Sodium Chloride and Pure Calcium Chloride with 
the Corresponding Values of the Investigators of Sodium Chloride 

Calcium Chloride Mixture Conductivities 


Composition, Mol Pet 


Natl fatl Kel Ohm Cm 
Conductivity, k&, Ohm ' Cm 


Matertal | | Investigator 


Table V_ Estimate of the Electrical Conductivity of the Fused 
Sodium Chloride Calcium Chloride Mixture 


Temperatare. Conductivity, Ohm ' Cm 
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thi nor capacitative and inductive effects of the vt 
ipper arm of the ive, @specia thi 
duct effort f the measuri I} 
mee poimt occurred at 1250 1650 n the « 
n which a nicks wire outer elect le y ised 
md at cy rh thie iter cel in } } ach 
trij outer electrode ised The fruit 
the bridge y lecreased | re ny or decrea 
nye the frequen from these value but the balance 
ehanved ve ttle 
The ther: inle ited at the me no 
of lium ch le (800 4° C) 
The lead re tance between | t | nm the cel cond 
mad ¢ n the induet A leter Phe « 
ell temperature menusu thy er ‘ t Clears 
mel i 
of the leads (switch open). The teh w ( ed . 
} 
furis the conduetivit ement that mei | 
the leads between Bo and C were in parall 
' ‘ cl id 
paralle ture Nit one fourtl thie 
‘ fance Phe ce ‘ tances of the neucte 
known. The cell re tance was found | ibtract binary 
q rn he inductor re ince and the parallel lead re 
thie 
from thie measured re fance of thre cell 
i of the bridge 
tion of 
R, R R bariun 
eell 
In iriny fused ilt ( ! luectir ti the imple 
oscillator fre Nia ot it Cy ind tion 
; the il bole mad Vil ‘ made, 7] 
tor vere adjusted until the vave he ht a een on eve ti 
the oscilloscope wos of it It wu hhle of an 
estimate the re tance to hundret) if an ohm |} mixture y 
: the changes of wave height on eith le of the ing the 
balanes point. The voltage act the t ive was ap re on ¢ 
proximately 1 volt. No appreciable change in con byshev 
ductivity was observed on allown implies to stand mall ar 
| 
CCS 
a) 4 
‘ ‘ 1 1% 
NaCl 179° Van Artadalen & VYafte 
7%, 190. Fdwards et al 
ere btatned f the lat f Tables I 177 Lee & Pea ' 
17 Tr tudy 
ange Vereshchetina & Luszhna 
ane 70 Harzvak 
2 59° 2 486° Van Artedalen & VYufte 
24 24 2 46 Edwards et a 
2 4 4A Lee & Pearso 
212 234 Lee & Pearsor 
_ 2 This stud 
2091 22° Vereshchetina & Luzhna 
914° 2 Ryschkewiltsch 
202 217° BRarzakovsk 
| ; 
‘ 
y btained tting terature data ru equatior 
tigat fium chloride-calcitum chloride mixture cor 
‘S50 pet soc hioride and 44 t ‘ fuctivitte ‘ 
? 


Fig. 4—Conductivities of fused sodium chloride-calcium 
chloride mixtures as a function of temperature 


tivity of the Downs cell melt. The effect of addins 
barium chloride to the Downs cell melt until the 
melt contains 0.88 mol pct barium chloride is to 
lower the conductivity by about 0.75 pet (between 


50° and 600 C) 


Discussion 

One probable source of error is the calcium oxide 
impurity in the calcium chloride. The calcium oxide 
with the silica of the apparatus to form cal 
ilicate Ca,SiO,." The oxygen which en 


ample changes prob 


react 
cium ortho 
tered the 
ably did not cause 


apparatus during 
increase in the 
melt through 


its reaction with the vt test tube according to 


an appreciable 
calcium orthosilicate content of the 


the equation 
S10 


ince the oxygen largely removed by flushing be 
fore the 


calcium orthosilicate 


reaches reaction temperature. The 


formed on the outside of the 


ample 


conductivity cell by the above reaction would not 


be expected to enter the measuring capillary during 
At rate al attack on the 
conductivity cell wa mall. Additional hyd: 

of the calcium chloride by the 


vapor entering with the xyven 


Immersion 


autmospher! 

probabl 
mall 

Arndt and Loewenste! lave made 
effect of calcium 
of calcium chloride. The equation for the 
tivity of calcium chloride at 850°C 
y 0.0334 0.0304 


where k equals the specific conductivity of calcium 


ortho | ‘ upon the cone 


chloride containing calcium orthosileate and calcium 
(ohm cm") 
orthosilicate in the i tun chioride and 


oxide r equals the percentage of cal 
cium 
y equals the percentas if calcium 
cium chloride. From equation it 
that 0.10 pet calcium oxi 
orthosilicate (0.15 pet) lowe the conduc 
0.005 em” (0.2 pet) 

Table VI compares the conductivity values of pure 


sodium chloride and pure calcium ch 


converted to 


ported by investigators of sodium chlor 
chloride mixture conductivities (<800 C 
literature value ‘ believed to be 
election of the t literature value 


not fi t r there are thi 


chloride is 
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a 

Fig. 5—Conductivities of fused sodium chloride-calcium 
chloride mixtures as a function of composition 

which agree closely (Van Artsdalen and 
et al.’ and Lee and Pearson’), while 
potassium 


Yaffe,’ Edward 
the other value catter from them. The 
chloride data of these investigators also agree closely 
Only one of these three studi (Lee and Pearson) 
value The earher cal 


trustworthy, for 


reports calcium chloride 
cium chloride data appear to be I 
reported together with 
and potassium chloride data which do not check 
the best literature values. It is true, however, that 
the calcium chloride data of Mantzell” do check 
those of Lee and Pearson tairly well 

Inspection of the data of Table VI shows that the 


they are odium chloride 


pure sodium chloride and pure calcium chloride con 
check the best litera 
while those of Vereshchetina and 
Luzhnaya, of Barzakovskil, and of Ryschkewitsch 


vreater confi 


ductivity values of thi tud 
ture values well 


tends to pive 
of thi tudy than 


vary from these. Thi 
dence in the mixture conductiviti 
in those of the earlier investigator 

Fig. 4 represents the 
taken from this plot at 50°C 


experimental data of this 
tempera 
hown in Fig. 5 with 

from the studies of the earlier 


tud Value 
ture } vals are together 
corresponding value 
investigator 

Ac tivation 


were calculated by the equation 


A inal 4H ) 


RT 


energy for electrical conductivity 


the equivalent conductiyv A is a con 


the activation energy of conduction 
and T 3 K 
activation energi of pure 


averape odium 


chloride and pure chloride in the range 


800° to 850°C were calculated to be 2.7 keal per g 
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4 

\ 
| \ 

\ 
\ 

- (800°C) 
\ 

50 = 
| LEGENE 
| | rs. 
Ls 
v — 

va 

v 

+ 2CaCl, + 20, ~ Ca,SiO, 
a 

Very 
ofl 1} 

tivil 
nduc 

le as re- Where) 
le-caleium tant. Al 
) with the proce os 
best. The The 
r sodium 


moland 5.5 kcal per #2 mol, respec tively I hese check References 


the corresponding sodium chloride value (2.8 kcal FRY art 
f Van Artsdalen and Yaffe and the cor 1955 9, p. 118-127 


and 90.3 Kcal J Elect he al § 1952 


and Peat 


chioride- VPI sah k Journal of Applied Che ' USSR. 194¢ 


cuicium chioride mixture appea Oo be within 0.6 


Bu t Acad y fs rm USSR, 1940 


pct-activation 
ifficient 
of 


tion ener; vith composition. The molar volume No. 4458. U. S. Bure 


activi 


lation 


| lorid wt / 2 
of miu ehioride-caicium chioride mi ure Vary 1933. ve 39 


linearly with molar composition, within the probable ib, pi 

Gazzetta ct it 1920 vo. 1 
accuracy of the Vereshchetina and Luzhnaya” and " 
Fuseya and Ouch density data Vereshchetina and N. Izvest tora 


Summary 


A detailed deseription has been given of an ap \. F. Alabyshev and N. Ya. Kulakovskaya: Trudy Ler 
Te ‘ titut La 
puratu atisfactory for measuring fused salt con pr 164 
ductiviti Accurate electrical conductivity data n Bure tand 998 
for fused mixtures of sodium chloride and calcium 4 \ pr 2-414 
chlorides have beer pre ented Data howing the ne Elect 
effect of a small amount of potassium chloride on 
, Discussion of th paper sent (2 copie to AIME by Dee 1, 1957 
thie electrical conductivit ofa odiun ehloride ppe n AIME 7 Vi 195% nd Je aL. OF 


Crctobe 


by M. Bourgon, G. Derge, and G. M. Pound 


CONDUCTIVITY AND SULFUR ACTIVITY 
IN LIQUID COPPER SULFIDE 


The conductivity of liquid copper sulfide has been measured as a function 
of the mole fraction of sulfur im the melt at three temperature 1170 


1250 5 and 1300 C. The result how that a) the conductivity of copper-rv h 


Cu S ts inde pendent of the ul fray pre ure inthe furnace. and h) the conduc 


fipity of sulfur-rich copper sulfide increase rapidly with sulfur pressure 
| uming that the band theory appl cable to liqui ds leads to the conclu 
on that copper-rich copper sulfide an intrinsic semiconductor, in which 
case electrons act as carrie? The activation energy for conduction in thi: 


cane ha heen cal ulated to be 0.7 e1 (dn the other hand ulfw rich copper 


ulfide hehare a a ere conduc for positive hole being responsible 


for conduction 


N order to clucidate the structure of hquid cop as a function of temperature. Their results showed 
per (.) ilfide, Derge, Pound, and Osuch’ have that the conductivity is rather high, of the order of 
tudied the electrical conductivity of this compound 100 ohm ' em‘, and that the temperature coefficient 
of conductivity is positive This high conductivit 
M. BOURGON, formerly Visiting Research Chemist, Carnegie ; 
eemed t ndicate electronic rather than tonic cor 


Institute of Technology, is now Assistant Professor of Chemistry 
University of Montreal, Montreal DERGE and G M POUND. duction Thi con 
Members AIME, are Jones and Laughlin Professor of Metallurgical Derge, Pound, and Yang,” who measured the cur 


ion was checked further by 


Engineering and Associate Professor of Metallurgical Engineering rent efficiencies of coppe ulfide melt it variou 

respectively, Carnegie Institute of Technology, Pittsburgh temperature In all case the current efficienc 
TP 4627D Manuscript, Feb 6, 1957. New Orleans Meeting, was found to be nil. indicating the absence of ap 

February, 1957 preciable ionic contribution to the conduction in 
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A. 8S. Russe in 1 
respond cal j ehl le value Vol. 99, pp. 527-535 
E. K. Lee and P. Pearson: Trar ne 
per g mol) calculated from the data of Lec ol 1910183 
on and Vereshchetina and Luzhnava ‘K it and A. Gessier: Ztsch. fiir Elektroch« e, 1908, vol 
4 ‘ 

{ Keal per g mol of the value whic » B31 

enery relation The data are not Blitz d W. Kiemn Ztach. fur An ’ e Che ‘ 1926 

nore tet «of ‘ pp. 267-294 
more precise atement of the va juber, E. V. Potter, and H. W. St. Clair: Report of Inv 
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enicium chioride mixture been Biven 


ty 


160r + 4 

© 
c / 
E 
2 
° 3x 
Cu,S 
a 

i J 


0.340 0,350 


sulfur 


0.330 
Mole fraction of 


Fig. |—Variation of the specific conductance of liquid copper 
sulfide as a function of the mole fraction of sulfur in the melt 
at three temperatures: 1170°, curve 1; 1250°, curve 2; and 


1300°C, curve 3 


behavior of liquid Is very 
emiconductor 


the liquid. The 
to that encountered in solid 
emiconduction have been 


imilat 
A few case of liquid 
Chipman, Tomlinson, and Inouye’ have 
electrical conductivity of molten FeO 


reported 
tudied the 
and report a high specific conductance, of the ordet 
of 200 ohm” cm’, and a positive temperature co- 
efficient. They interpret these results in terms of 


type semiconduction in the liquid by analogy to 


the situation in solid FeO. Henkels' measured the 
conductivity of pure liquid selenium and concluded 
that this element was an ideal semiconductor in the 


Johnson, using the results ob- 
concluded that 
which 


to 500 C 
Ep tein and Fritzsche,’ 


range 200 
tained by 


liquid tellurium exhibited semiconduction 
changed to metallic conduction at higher tempera- 
ture 

Copper sulfide with exce ulfur compared to 
Cu.S has been shown to be a p-type semiconductor 
in the solid state i.e, it conducts by means of 


positive hole instead of by electron A conse- 


quence of this is that the conductivity of this com- 
ulfur pressure is increased 
linked directly to the 


olid as 


pound increases as the 
ovel it Thi 
iriation of the 


behavior l 

ulfur concentration in the 
Schuhmann 
of liquid 


a primary function of sulfur pressure 
ind Mole investigated the composition 
copper sulfides as a function of sulfur pre 


found that the latter was very sensitive to com- 


ure, and 
position, especially as the sulfur contents were in 
creased beyond Cu,S. At 1150°C, the sulfur pre 

found to be 4.6 x 10° atm for a copper- 
aturated melt, 9.4x 10° atm for 
Cus (20.14 pet S), and 0.14 atm for a 21.5 pet S 
melt. The corresponding figures at 1250° were 2.4 x 
10 16x 10 and 0.23 atm, respectively, and at 
1350 C were 10 18x 10°, and 0.35 atm, respec- 
tively. The large increase in the 
light exce of 


ition accounts for the well-known fact that arti- 


ure px Wa 
stoichiometric 


ulfur pressure for 


ulfur above stoichiometric com- 


ulfide involving melt- 


ficial preparations of copper 
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@ 
° 


log of conductivity, mhos ema 


65 67 69 7.4 
/T 104 


Fig. 2—Plot of the log of the specific conductance of liquid 
copper sulfide as a function of 1/T for copper saturated 
melts 


{ lose to 


ing in open containers always give product 
in composition 

Previous measurements of the electrical conduc 
ulfide have been made in 


and it 


tivity of liquid coppe 
open containers under inert ga 
was expected that in all cases the melt would be 
copper-rich or very close to Cu.S in composition 


atmosphere 


planned to investigate the con 
ductivity of liquid copper sulfide as a function of 
ulfur pressure in order to obtain data for sulfur 
rich melt The results obtained would vive more 
to the mode of conduction in liquid cop 


Therefore, it wa 


insight a 
per sulfide 
The sulfur 
ulfide melts by circulating mixtures of hydrogen 
The pertinent 


pressure can be varied over coppet 
ulfide and hydrogen in the furnace 
reaction 1 

Cu.S + H, # 2Cu + HS 


the pu»/px, ratio being related to the sulfur pre 
ure by means of the relation 
pu 9665 
log 2 lop 5.342 
pu 


The general technique adopted in this work wa 
to bubble H,-H.S mixtures of known composition 
into the liquid copper sulfide in order to vary the 
ulfur activity in the melt and to study the vari 
ation of electrical conductivity as a function of sul 


fur activity 


Experimental Methods 


procedure followed thi 


used by Schuhmann 


The experimental 
work was essentially the one 
and Mole Mixtures of hydrogen and hydrogen 
ulfide 
until equilibrium was established, at which point 


ulfide were bubbled into the molten copper 


the electrical conductivity was measured. The above 
authors used as criterion of equilibrium the equality 
of compo ition of the iIngvfoing and outgoing va 


mixtures. In this work, the reaction was followed 
by conductivity measurement 
of the latter was taken to indicate an equilibrium 


method proved to be faster in that it 


and a constant value 


position. Thi 


did not necessitate the furnace proper being in 


equilibrium with the gas mixture. Samples of the 
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due to the decomposition of copper(II) sulfide into 
copper(I) sulfide and the heating was stopped as 
oon as the sulfur evolution subsided. The melt was 
then cooled under argon. The resultant compound 
Vi ! ppearance and gave the follow- 
ing re Its on analysi first batch: 79.65 pct Cu, 
20.28 pet S (theoretical analysis, 20.14 pet S); and 
econd batch: 79.35 pet Cu, 20.61 pet S 
Analysis—-The copper sulfide analyses were made 
by precipitating the sulfur as barium sulfate and 


i 


ve.ghing. The copper was determined electrolyt- 
call some effort was spent to get reproducible 
esults in the sulfur analysis; duplicates were made 
in all case and the results agreed generally to 


within 0.1 pet. In some cases the error was higher 
an this, of the order of 0.5 pet. The average error 
ay be considered to be of the order of 0.25 pct, 
vhich corresponds to approximately five units in 
the second decimal place of the stated sulfur figures 
lhe failure to reach 100 pet in the overall analyses 
of some of the samples comes from the contamina- 
tion of the melt by the silica of the electrodes. In 
a few cases difficulty was encountered in getting re- 
oducible results in the copper determination 
vhich explains the high overall figures (samples 
28, 29, 34) 

Procedure——-The crucible was charged with ap- 
proximately 250 g copper sulfide and set in place in 
the furnace. The radiation shields and cooling head 
were installed and the furnace checked for leaks 
At this point, the argon was turned on and the fur- 
nace flushed for approximately 30 min prior to 
heating. The temperature was increased at the rate 
of 2°C per min until the working temperature was 
reached. At this point, the gas inlet tube was low- 
ered into the melt and the H,-H,S mixture allowed 
to bubble into the latter at the rate of approxi- 
mately 150 ml per min. The outgoing gas escaped 
through an oil trap into the fume hood. The con- 
luctivity of the melt was measured at periodic 


interval jetween the measurements, the elec- 
trodes were left out of the melt so that a representa- 
tive ample would be in contact with the graphite 


probe during the actual measurement. When the 
conductivity remained constant for at least 4 hr, an 
equilibrium state was presumed to be obtained and, 
at this point, the final value of the conductivity was 
noted, a final temperature reading was taken, the 
melt sampled by suction through a 4 mm quartz 
tube which dipped into the melt, and the ingoing 


as analyzed if necessary 


Results and Discussion 


The experimental results are shown in Table I 


and Fy 1, where the conductivity 1 plotted as a 
function of the mole fraction of sulfur in the melt 
at three temperature 1170°, curve 1; 1250", curve 


2; and 1300°C, curve 3. Curves 1 and 2 were deter- 

ined under equilibrium conditions, 1e., by keeping 
un H,-H,S atmosphere continuously over the melt 
during measurement Curve 3 was determined 
under different conditions. The melt was kept satu- 
rated with pure hydrogen sulfide for 22 hr, at the 
end of which period the conductivity of the melt 
was measured and the melt sampled. Subsequently, 
the hydrogen sulfide atmosphere was replaced with 
i pure on atmosphere and the melt thus allowed 
to desulfurize with proper mixing. The conduc- 
tivity was determined periodically during desulfur- 

ution, and the melt sampled at each conductivity 
determination. As may be seen from the results, this 
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. melt were taker it each ¢ nductivit determination 
to Obtain the ce position of the copper 
Furnace The furnace used i Lindbergh type 
(CF -2 th Globa ele rit capable of reaching 
¢ at zontal model but for thi 
immace The furnace tection tube was a Me 
Danel Zircotube (zire j cate) 244 in. ID x 30 
Vill ! opel t both end TI rnate 
proved to | efficient under hydrogen 
iifiae il! end of tt tube Nia 
Closed i ten ite na A in 
cCoppet tule lered 1 te permitted intre 
luction of on to flush the furnace when nece 
end of the tTurnace tube A closed 
i Viale Cooled rye a it | pasket 
ifficient pe te ermit int lucti of 
the ther ple protection tubs the pa niet 
trie outiet tube 1 thie elect The 
furnace te erature was ¢ trolled t a lt Pt-10 
pet Rh thermocouple connected to a -point 
Celectra tre ‘ ted thermo 
couple wa ised to determine the temperature of 
the melt unc 
f It le the furnace, the elt wi contained in a 
crucible 2 in. OD x3 in. } h with a 1/16 wall 
nde of on ed ul i CT iti RR 
Wire Viorvanite Co ny pported an 
Alundum tube and i ounted | three radiation 
hields made of K-30 | hield ver 
om ered will i ive of aiu na cement and d lled 
ut to permit pa of the liflerent 
temy ruture control was obtained with 
this arranvement 
11/11, mixtures were 
convenient prepared b of two calibrated 
flawmeter cay i ‘ tance respectively 
connected to hydrogen and hydrogen sulfide eylin 
Phe tetered ise vere led through a gla 
then throuvh a th ! flowmeter before entering the 
furnace Nal of i ct iin tube vhich dipped 
rites elt Phe consequent bubblir of the ga 
the melt ined prope mixin of the 
atte The } lroven used freed of en by 
al i Weoxo pu ma | ed 
thie iificte vas dried with Dru te and 
used a uct 
Conductivity The apparatus and 
experimental method were the same as those de ey 
cribed in detail in) connection vith the tudy of 
! itte \ ! ti «ct ail fan «if 
potentiometer circuit were used to measure specifi a 
conductance the ceil vere of Cu 
ma pectra ph ont erved a 
trowle The electrodes vere fixed. 1} mean ofa 
topype to steel tube 4 in. lon ind in. in 
dian I} tube was fitted in a l in. hol m the 
hye i i! el nt permitte {re ovVvin 
J ol rine tin the electrode n the melt it will with 
out open the furnace 
Materials coppe Wil made from 
copper turnit ind pure ilfu The two were re 
acted ipart | ered celain Casse ovel 
i Bunsen The product so obtained con 
of ast kture of black copper(t) ilfide and 
bluish copper sulfide I} mixture wa ib 
t mie i! inn nduction furnace ul a 
iphiite ¢ ucible nha atmo phere The 
coprous evolution of ilfur durin this operation 1 
| 957 
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Fig. 3—Idealized plots of the specific conductance of liquid 
copper sulfide as a function of the mole fraction of sulfur 


curve does not differ greatly from the true equilib 
rium curves and it may be assumed that desul- 
furization of the melt was somewhat slow. As a 
H,-H,S atmosphere were used to 
Copper sulfide melt 


toichiometric 


general rule, 
tudy sulfur-rich melts only 
having a sulfur content below that of 
have low enough sulfur pressure 
without change 


value to permit 
measurements of the conductivity 
in the sulfur content occurring during the measure- 
ment. The sulfur content of the low sulfur melt 
was varied by adding pure copper until saturation 
occurred 

Analysis of the ingoing gas 
perimental procedure was satisfactory. The result 
checked with those of Schuhmann and Moles in 
that the 
to the same ga 


showed that the ex 


ame composition of the melt corresponded 
composition, within experimental 
errors. Consequently, after a few experiments, ga 
analyses were discontinued and the 
tion was used to determine the sulfur pressure in 
the furnace by referring to the results of the above 


authors The only case in which results differed 


melt composi 


t ened that the ingoing gas composition was 
known approximate by reading the flowmeters. The purpose of 
the gas ses was to determine the composition of the gas more 
pre ae 


considerably from those of Schuhmann and Mole 
was the one in which a pure H,S atmosphere was 


ent into the furnace to obtain a very high sulfur 
melt. The highest sulfur contents obtained in thi 
work, with an atmosphere of pure hydrogen sulfide 


were 20.75 pct at 1170°, 20.66 pct at 1250°, and 
20.73 pet at 1300°C. Schuhmann and Moles had the 
following results: 21.43 pect at 1150 21.54 pct at 
1250°, and 21.39 pet at 1350°C 

The distinctive feature of the graph 
Fig. I is that, for melt 
in sulfur content, the conductivity remains constant 
and for those above the 
harply as a function of sul 


hown in 


below stoichiometric 


toichiometri« value, the 


conductivity increases 
fur content. Thi 
encountered in solid copper(I) 
found that, at low 
tivity of 


behavior is very similar to tha 
Kushida 


sulfur pressures, the conduc- 


sulfide 
olid copper(I) sulfide (8 form) increased 
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Table |. Composition Conductivity Relations for Molten Copper 
Sulfide 


Specific 
Pet Conduc 
Corrected* Ne tivity 


Temper 
ature, 


Sample Cu, Pet 8, Pet 


lightly with increasin ulfur pressures according 


to the relation 


3/2 log pay 


log a constant 


An abrupt increase in o was noted at sulfur pre 


sures of 0.22 mm. Kushida correlated this increase 
with the transition of Cus to Cu, o 

The behavior of liquid copper sulfide i 
imilar, also, to that found in solid Cu,O, Duenwald 
and Wagne1 found that the conductivity of thi 
compound increase 
cording to the law 


omewhat 


with the oxygen pressure at 


rhey interpret these results by introducing the fol 


lowing equilibrium 

O, (gq) 2Cu,O tp 4+ 4Cu 
where p’ indicates a newly created positive hole 
in the crystal lattice, and Cu’, indicates a vacancy in 


the lattice of Cu’ ions. From thi 


equilibrium equa 
deduce the relation ‘ 


tion, they 


lattice 1s a 


if the creation of new hols n the 
function of the oxygen pressure to the “% power 
Thu these new hole are responsible for the con 
duction in the erystal (p-type semiconduction) and 
the theoretical equation agrees approximately with 
the expe Bottger”" ha: 
hown that the p law is true for oxygen pressure 


ures, he supposes 


imental equation However, 


greater than 10° atm, Atlo 


that Cu.O behave a an intrinsic semiconductor 
Juse and Krutschatow’ have shown that the activa 
tion energy for intrinsic semiconduction in solid 
copper oxide is 0.7 ¢ 


olid Cu.S and solid 
band theory 


The ¢ xperi rental resul for 
Cu,O may well be interpreted by the 


Both these compound how p-type semiconduction 
when the pre ire of the electronegative constituent 

ncreased. Positive holes, created by the transfer 
of electrons from the valency band into the im 
purity levels, are responsible for conduction, On the 


ict ide, howevel! these compound behave 


copper-! 
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uconductors and conduction is due a) The lines on the copper-rich ‘side have been 
electrons from the valence band extended to the solubility limit of copper as dete: 

mined by previous workel! 
applied the band b) The curves of the sulfur-rich side have been 
xplain the experi drawn closer to one another to illustrate the fact 
in tivating the con that the energy gap between the valence band and 
d \ rm efficiency of the Cus the impurity levels is certainly smaller than the one 
; assume stoichiometric Cus to be between the valence band and the conduction band 
iconductor, and sulfur-rich Cu,S to This leads, therefore, to a smaller activation energy 
onductor by analogy to the situa for conduction, with the result that variation of 
The present work bears out thi conductivity with temperature, at constant suliul 
nstancy of the conductivity on activity, should be smaller on the sulfur-rich side 

CuS would indicate that in than on the copper-rich side 
this compound behaves as an intrinsi Knowledge of the dependence of the conductivity 
emiconductor. Measurements of the conductivity on the sulfur pressure of liquid copper sulfide would 
aturated melts as a function of the tem permit theorizing on the mechanism of sulfur ab- 
been made and the results are shown orption. However, the discrepancy which exist 
of the conductivity is plotted between the results obtained in this work and those 
rhe conductivity thus follow of Schuhmann and Moles" for pure H,S atmosphere 
introduces doubt as to the exact dependence of the 
conductivity on the sulfur pressure. More work will 


have to be done to check these data 
f the straight line permits the energy 


for conduction to be calculated, 1 Acknowledgments 
the energy gap between the valence The authors are indebted to Mrs. Mary Lou Uhl 
conduction band. This value has been and Jack Shegog for experimental assistance, and 
be 0.7 ev and is low enough to permit to Mr Virginia F. Johnston and her assistants fo! 
electrons from the valence band to the chemical analyse The research described in thi 
on band under thermal excitation paper was sponsored by the U. S. Atomic Energy 
apid increase of the conductivity as a func Commission under Contract No. AT(30-1)-1024 
ion of the sulfur pressure on the sulfur-rich side of 
liquid copper sulfide indicates that sulfur-rich cop 
per sulfide a p-type semiconductor. Increasing the 
ulfur content of the melt has the effect of introduc 


ing impurity levels into the energy gap with the re y or ison J. Chipmar 
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to calculate the activation energy for 
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rapid increase of conductivity as a 

content and the uncertainties of 
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Discussion 
Deen kept in mind 


ippe 


Corrections 


Effect of Oxygen Input Rates In the Decarburiza- Equilibrium in Reduction of Ferrous Oxide With 
tion of Chromium Steel.” by G. W. Healy and D. C Hydrogen, and Solubility of Oxygen in Liquid Iron,” 
by Nev A. Gokcen, AIME Tran: 1956, vol. 206, p 
1558; JOURNAL OF METALS, November 1956 

Page 1561, 6th line from the bottom, column 2, 
‘apparatus” should have been “apparatuses”. Eq. 7 
on page 1563, F should have been AF Page 1565, 
first line above Eq. 21, “Eq. 18” should be “Eq. 16” 

Equilibria in Reactions of Hydrogen and Carbon Pave 1565, in Eq. 26, first term afte: sign should 
Monoxide With Dissolved Oxygen in Liquid Iron; be minus (—) 


Hilty, AIME Tran 1957, vol. 209, p. 695; JOURNAI 
or METAI May 1957 


rhe graphs presented in Fig 6 and 10 were 
tran po ed 
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by V. F. Leferrer 


Vacuum Dezincing 


of Parkes’ Process Zinc Crusts 


A new process for the treatment of silver crusts from desilverization of 
lead has been developed by Société de Penarroya. The zine contained in 
the crusts is recuperated by vacuum distillation at low temperature. The 
use of special retort crucibles is avoided 


T Noyelles-Godault the Parkes process (zinc vacuum and at low temperature, so that only the 
addition to a silver-bearing lead melt) is used zine distills and is condensed into liquid form. The 


to desilverize lead bullion from the blast furnace residual silver-bearing lead is almost entirely free 


The crust which rises to the surface of the bath 1 from zine and oxidized dro 
removed and pressed by a well-known process in a The vacuum dezincing equipment, see Figs, 1 and 
press of the Howard type. The pressed crust, called 2, consists of 
zine crust or silver crust, contains 10 pet Ag, 30 pet 1) A furnace, constituted of a casing of steel plat 
Zn, and 60 pet Pb. It is melted under a salt bed in a lined with refractory bricks, heated internally by 
mall, narrow, and deep kettle heated only in it means of graphite resistors. The temperature of the 
upper part. A liquid concentrated alloy is obtained furnace is measured by a thermocouple device and 
which is called T.A.C. in France (triple alliage con controlled by an automatic temperature regulator 
centré) analyzing approximately 25 pet Ag, 65 pet which acts upon the flow of the current passing 
Zn, 8 to 10 pet Pb, and 1 to 1.5 pet Cu. This T.A.C through the resistors. Two doors, numbered | and 2 
is a real metallic alloy, completely deoxidized, and in Fig. 2, are provided for, one for charging the 
can be stored indefinitely T.A.C., the other for tapping the high silver-bear- 
The proce used at Noyelles-Godault consists in ing lead 
distilling this alloy in a tight furnace, under low 2) A condenser, and an ordinary room lined with 
good heat conductor refractory material. This con 
V. F. LEFERRER is associated with Société Miniere et Meétallur denser is provided with a graphite resistor which 
gique de Penarroya, Paris, France erves to bring to temperature when starting the 
TP 4496D. Manuscript, Feb. 3, 1956. New York Meeting, Feb furnace. A thermocouple records the temperature 
ruary 1956 of the zine melt and controls the temperature in the 


furnace, that 1 the flow of current through the 
resistors, by means of the above me ntioned regula 
tor, so that the distillation rate in the furnace dot 
not exceed that of the condensation. The condense 

connected to the vacuum pump by a filter. The 
if course, be fluid-tight 
The operation is carried out under a vacuum of 
10 mm Hg 


whole equipment should 


about 


Table |. Commercial Results of a Year's Operation 


Vroducts Ke Pet hb Pet Ag Vet Zn 


(Charged 
A ooo 25 

Lead 

Obtained 

Higt 


ilu 


Fig. 1—Photograph of vacuum dezincing furnace 


la filter and 


Fig. 2—Diagramoft vacuum 


dezincing furnace 


Fu 


fap hole 


in Tap hele 
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A 
ig 
. 
roa 
le 
Zn 


operatier 


100), 
“VA, 
PIII 
Neurt 


Fig 3 —Graph of furnace temperature under vacuum 


Fig 4-—-Graph of zinc ond lead vapor pressure curve de 
pendent on temperature 


Operating Conditions 


Phe proce is discontinuou For the furnace in 
operation at No Ie (,odault, the charge per batch 

of 1000 kg of TAA to which 300 kg Pb drawn 
added. At 


concentration | very high 


the liquation kettle is generally 
the 
ina perfectly homopgeneou liquid alloy 

tored 
dation, thi 

onds to small part of 

7 udded at the distil 
addition j erves to lower the 
the TA.C ) ining a better zine 


powel 


Vithout undergoing any altera 


previou 


Hlution a nperature and avilit 


or vhere concentration is not so thorough 
addition of |e would not be necessary 

The temperature the condenser is maintained at 

¢ autof the furnace 


the furnace (tye inning opera 


hown in Fis Except 


1) and tapping the metals (zine and silver-beat 
the operation is entirely automats 


mperature in the furnace vari betwee! 


50° and 600°C during the operation. It rises at the 
end ice the flow of zine Vupol lop and. there 
fore the temperature in the condenser lowering 


continuall thie rature-regulator maintain 
the resistors of the furnace under voltage. The op 
mis then stopped, the vacuum broken, and 
molten metals are tapped. The furnace is charged 
and shut; another operation starts. In short, it 
the condenser temperature which controls the 
lillation rate 
by $1 shows the vapor presst curve 
ind zine dependent on temper and the tem 
perature and depre ion conditions of both furnace 
and conde It an be observed mt the cond! 
tons mal furnace are far enough from 
the lead volatil ition curve and those in the con 
denser at quite a distance from the zine volatilization 
curve 
The commercial results on an average of a whol 
operation, brought down to a 1000 kg T.A.C 
hown in Tal le I 
mw recovers better than 95 pet, and 99 pct of 
the silver from the T.A.C immediately 
in the high silver-bearing lead to be cups lled 


The total power consumption is from 800 to 850 


recovered 


kw-hr per metric ton of T.ALC 
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™ 
Temperature °C 


The furnace operating at Noyelles-Godault has a 
capacity of about 2000 kg of T.A.C. per day, cor 
responding to 500 kg Ag. At Oued-el-Heimer, the 
furnace will have a capacity of about 850 kg of 
T.A.C. per day, corresponding to about 200 kg Ag 


Process Advantages 

The old distillation proce using graphite re 
torts, presents the following disadvantage 

1) Ail the zine contained in the zine crust is not 
ecovered in distilled zinc form. Consequently, there 

ins fairly large amounts of zine in the lead to 

be cupelled, making cupellation more difficult 
2) The graphite crucibles are expensive and have 
rather small 


are there fore 


a short working life. Their capacity is 
and a great number of retort furnace 
to treat the zinc crust in one plant 


of high silver con- 


necessar' 
+) Mixed lead and zine oxide 
tent form in the crucible and have to be reduced to 
obtain another silver-bearing lead for cupellation, 
mainly when zine crust has not been concentrated 
Vacuum dezincing has the following advantage 
1) Distillation is at low temperature, which means 
low power consumption, low maintenance cost of 
the furnace, and good zine recovery 
2) No more graphite crucibles are necessary 
eparation of the elements: lead 
on the other 


operated automatically 


t) There is neat 
and silver are on one side, zinc } 
4) The furnace is 


ual labor is only nece 


Man- 
ary for charging the furnace 
and tapping the metal 

5) There are no more mixed Pb-Zn oxides to be 
Therefore, there 1 


and cupellation and reduction costs are considerably 


retreated good ilver recovery, 
reduced 

6) It is po 
city, and have only one distillation 


ible to build furnaces of large capa- 
furnace pel 


plant 


Refere 


W.S 


neces 


Discussion of 
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Powder Metallurgy The POSTS sé ion will be de maintenance men, metallurgists, 
voted to Titanium Progress, at ceramic and refractory engineers, 
Symposium in Chicago Home and Abroad. Lead-off speaket observers, and others interested in 
will be W. J. Harris, Jr., Advisory the production of more, better, and 
As part of the World Metallurgi- Panel on DOD Sheet Rolling Pro cheaper steel 
cal Congress, November 4 to 6 in gram, who will discu U. S. Prog The complete and final program 
Chicago, there will be a Powder Met ress in Titanium, 1956-1957 Sec for the meeting will be published in 
allurgy Symposium co-sponsored by ond speaker on the session will be the December issue of JOURNAL OF 
the Metal Powder Association and Eric Swainson, ICI Metals Division, Mevraus. Hotel reservations can now 
the American Society for Metals Birmingham, England, who will di be made directly with the Penn 
The Symposium 1 scheduled for the cu European Progpre in Titanium Sheraton Hotel or others in Pitts 
afternoon of Thursday, November 7, There will be ample time during the burgh. The Electric Furnace Steel 
at the Palmer House ession for questions from the audi Committee is now accepting advance 
Among the topics to be discussed ence registrations at AIME headquarters 
are: Current Advances in the Science The afternoon session will be de in New York 
of Powder Metallurgy, by J. E voted to a panel discussion of Opin The $7.00 registration fee also in 
jurke and H. H. Hirsch, General ions and Ideas on the Manufacture cludes a copy of the bound Proceed 
Electric Co.; Development of lLron and Use of Titanium. Introductory ing when published, There is a 
Powder for Powder Metallurgy by remarks will be delivered by Lee S $2.00 reduction in the registration 
the H-Iron Proces by J. F. Kuz sjusch and the panel and discussion fee for AIME members 
mick, Consultant for Alan Wood moderator will be N. E. Promiusel, Available at this time are copies 
Steel Co.; and Metal Powders to Airframe Material Sranch, Bureau of the 1956 Proceedings for those 
Solid Strip—The Present Status of of Aeronautu Navy Dept. Mem who did not attend the 1956 Confer 
Commercial Production, by W. N bers of the panel include: R. 5S ence, These are available through 
Hayden, Hayden Metal Inc and Reinhold, s00eing Airplane Co.: mail orders at $10.00 to nonmember 
J. D. Shaw and W. V. Knopp, S-K-C A. Hurlich, Convair; W. Sharp, Pratt and at rates of 30 pet less to AIME 
Research Associate & Whitney Aircraft Corp.; W. J members and past conference reg- 
The Symposium will be under the Wile, General Electric Co.; C. B. Vol istrants. For foreign orders, add $.50 
co-chairmanship of George A. Rob drich Jattelle Memorial Institute for postage 
erts, President, and Kempton H Col. J. N. Dick, U.S. Air Force; N. L 
Roll, Executive Secretary, Metal Reed, U. S. Army; W. E. Lusby, Du ° 
Powder Association Pont Co.; W. W. Minkler, Titanium World Metallurgical 
During this same week, the ASTM Metals Corp. of America; L. 5 . . 
Committee B-9 and the Sub-Com- Busch Mallory-Sharon Titanium Congress in Chicago 
mittees I, and III-A, B, C, D, Corp.; T. E. Perry, Republic Steel 
and E are scheduled to meet at the Corp.; and W. L The World 
Drake Hotel. These Meetings will Titanium Inc. As in the past, there vil be held = Chicago the week 
on of November 2, 1957. During that 
take place on Tuesday and Wednes will be ample time for question: . 
day. November 5 and 6 fram, the audience ame week, the Metallurgical Soci- 
' ety of AIME will hold its IMD Fall 


Meeting and there will be a pecial 


Titanium Symposium Electric Furnace Men one day technics! session seranged 
/ the 


by the Iron & Steel Div same 


Planned by IMD Group Will Congregate In time, ASM will hold its annual Ex 


hibition and 


At the IMD Fall Meeting to be December at Pittsburgh As part of the Congre everal 


held in Chicago, the IMD Titanium technical sessions will be held on 
Committee is sponsoring their An- Final plans are being made for the Wednesday, Thursday, and Friday, 
nual Titanium Symposium, to be Fifteenth Annual Electric Furnace November 6, 7, and & The session to 
held on Thursday, Nov. 5, 1957. The Stee! Conference to be held at the be held on Wednesday morning will 
Symposium will be an all-day ses Penn-Sheraton Hotel, Pittsburgh, cover progre in nonferrous met 
ion under the direction of Lee S December 4, 5, and 6. The text of illurgy. Among the subjects to be 
Zusch, director of engineering Mal the preliminary program | given discussed are recent de velopme nts 
lory-Sharon Titanium Corp. Mr on page 1462 in nonferrous metallurgy, the re 
Busch, who will open the Sympo The Plant Trip has been scheduled port and document library at Ar 
ium, will introduce the keynote for the first day of the Meeting mour Research Foundation, and de 
peaker, John H. Garrett, executive Wednesday, December 4, preceding ign of a punch-card ystem as 
ecretary, Coordinating Committee the technical sessions. Both the Plant an example of literature research 
on Materials, Office of the Assistant Trip and_ technical ession will at Armour Research Foundation 
Secretary of Defense draw operating men repair and (Continued on page 1462) 
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Mare Allard, Centre tires. Col. Davies will devote his 
time for the next few years to plans 
for the new Engineering Center 

The Conference of Representa- 

of the European E 

and Representatives from 
American Societe will be held in 
Jew York during the week of April 
28, 1958. At that time, formal action 
expected to be taken on the invi- 
tation to the European groups to 

f ew library re join in the new Center 

tablished by this European 
The exact time for hi 


talk has not yet been set 


Volume IV Nuclear 
Building Coordinator Metallurgy Published 


Named for New Center The Metallurgical Society of AIME 
announce that the Volume IV 
Col. Clarence E. Davies, Secretary on Nuclear Metallurgy ha been 
of ASME, has been nan as Build published. Contained in this volume 
‘oordinator of the new United ire sixteen papers on uranium and 
Engineering Center to be erected on uranium dioxide presented at the 
United Nations Plaza between 47th IMD Fall Meeting on November 6th 
ind 4#t Street His appointment in Chicago. This Volume IV costs 
Walter J Sar $7.00 for nonmembers and $5.00 for 
United Engineer member AIME members may be 
billed. For nonmember foreign or- 
tiled for Europe ders, add $.50 for mailing. Mail or- 
xtend an invitation ders will be filled after November 

of thirteen Europe: Tth 
| to share in Volumes I, II, and HI of Nuclear 
Industrie j j ew Center. He w: Metallurgy eri can also be or- 
tation cco yaAnier y O. B. Schier dered by mail. These each cost $3.75 
Secretary of ASME for nonmembers and $2.50 for mem- 

il when Col avi , ber 


! (oo! 


nen 


1957 Electric Furnace Conference 


Preliminary Program 7:00 pm Annual Fellowship Dinner 


Speaker: Edward A. Livingstone, vice presi- 


WEDNESDAY, DECEMBER 4 ct nt The Babeor k and W lcox Co Head ol 
9:00 am to 9:00 pm Registration the Tubular Dis Fall 
10:00 am Plant Trip to Babeock and Wilcox Co., Pa ; 


Beaver Falls, Pa Toastmaster: Stanley M. Norwood. Assist- 


ered buse will leave from the ant to President, and vice president, Electro 


ince of the Penn heraton Ho Metallurgical Co., Div. of Union Carbide 
provided by th Corp., New York, N. Y 
Hotel be FRIDAY, DECEMBER 6 
am Registration 
THURSDAY, DECEMBER 5 9:30 am  Ingot Session on Vacuum Melting: Elec- 
am Registration trie Are Furnace Practice Variables on Quality 
am Opening Session Overall summary of vacuum melting; con- 
imable electrode vacuum melting; induc- 
tion vacuum melting; furnace practice vari- 
am Joint General Session on Nitrogen i ables and their effect on quality of aircraft 
Electric Furnace Steel and bearing steel panel discussion 
ion of nitrogen solubility « 9:30 am Castings Session on Foundry Practices 
Oxygen as an aid in electric furnace melt- 
in ne aspects of melting low-tempera- 
n ture high-impact teel pectrographi 
view and evaluation analysis in foundry 
of modern method d pm Joint Session on Economic Utilization of 
pm Joint session on Refractories Power 
Power utilization and control in the elec- 
tric furnace steel plant; an effective demand 
tem for the electric furnace 
improvement in are f 
thermocoupl n ri eal gulation and electrode 
ractort ystems; analysis and p! 
6:30 pm Reeeption and Cocktail Party tained from a study of are 
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Metal Congress tute, Lor 
if Du 
(Continued tron j ge 146] Ge mal 
he peaker will be O. 
Barnett, D. W. Levinson, Mary Mur : ne 
ciated with Armour Reseach Found Rekances 
(or re 
The Thursday morning session on H. Luli 
}? n Ferrous Metallur will Fischer 
Tie at the Internationa hiarvé land 
me Ca Contre chool in Chicago ind fur 
H. Aborn, Director of the Edgar 
bain Laboratory for Fundamental iron 
: | | | | | : 
j recent ivanee in ferrou re 
earch. Metallurgy and Physics will 
be covered | Lieberman, 
ersit of M. ¢ 
‘ ( cloy Stave ( 
er Deve prient 
perature Allo 
Phe international aspect 
iture research will be e« 
| } ri | orn 
‘ International Harvester ¢ 
cho ore of the toy 
covered at tl ‘ on im 
Pechnmical Lat ind I 
' ‘ ‘ for the British } 
cal Industri Activitie 
tion of the Centre de D 
tion iderurique, Bibliogr 
‘ withur \luminiun 
ind Importance of Docu 
mie of the peaker 
é thor Post, the Iron and St 
‘ 
3 
i 


High-Strength Steel 
Conference in May 


The Iron and Steel Division of The 
Metallurgical Society of AIME will 
sponsor a regional conference in 
Pittsburgh on May 5 and 6, 1958. on 
High-Strength Steel 

General conference theme high- 
strength steels and their applications 
for special project uch a 
Among the subjects to be 


aircraft 
covert d 


EJC Salary Survey 


Engineers Joint Council conducted 
urveys in 1953 and 1956 to deter- 
mine the salary structure of the en- 
gineering profession. result 
were published separately as “Pro- 
fe ional Income of Engineer in 
1954 and 1957. The urvey is the 
most comprehensive and represent- 
ative tudy generally available on 

ubject. The EJC staff responsi- 

for the tatistical compilation 
and analysis of the data of the sur- 
vey have completed a comparison 
of the two studi The 
ult of the 
ented herein 

The 1956 sample was greatly ex 
panded over that for 1953 (107,832 

69.061): the data of 


entlaliy com 


ummary re 


comparison are pre 


however! 


eacn urve are 


parable The increase was due in 


part to a con 
eng ring tall the participat 
ing or} In part to new 
participants in the 1956 survey. A 
review of the returns of these new 


expansion of 


nization 


participants has been made by the 
EJC taff and found that 
there were no material deviation 
their data from that of the over 
alary structure. The conclusion 
of the taff is that the 
comparable 
There are ne 
trend vhen each of the variou 
dustrial classifications of the 
are con pared but it would 
productive and 1 iningful, at thi 
time, to analyze tructure the 
industri for both 
Thi an Ww hall con 
alary structure of all en 
yvvered in the various in 
ial and private 
cluding thu governmental and ed 


it Wa 


urvey art 


variation in 


activities (ex- 


are the environment, uses and re 
quired properti factors in struc 
ure and composition of steel lead 
ing to desired propertie air melt 
ig of super-duty steels; and special 
teel-making practice 

Some of 
uled for the 
aircraft eng 


papers sched 
conference will cover 
ineering urcraft and 
rocket stucture and atomic energy 
The tensile properties, notch tough 
tance and oxida 
ductility and envi 


ne corrosion re 
tion resistance 


ucational engineers). For ready ref- 
erence the data wi presente 1 in 
Table VI page 14 of the 1953 study 
T VI page 15 of the 1956 

ne Variou line grouping 

median, 
follow, with 


alary tructure 
quartic and decile 
minor variations the ame general 
trend and for the ake im 
plicity the MEDIAN line will serve 
as a basis of comparison. The rela 
tive change in salary will be re 
viewed in terms of percentage in 
rease above the 1953 level 
The first consideration will be the 
increment for each expenence level 
position—that is, the median sal- 
ary for engineers with one year ex 
from 
ret in 1953 wall 
alary 
for engineers with one year experi 
ence in 1956. Thi 
paring what the 1952 graduate wa 
earning in 1953 with what the 1955 
graduate was earning in 1956. The 
used all along the line 
level The 


percentage) have 


perience (referred to year 
baccalaureate deg 


be compared with the median 


vould mean com 


for all experience 
reas¢ (a 
computed and plotted in graph 1 
! hown that for engineers with up 
to 22 years of experience the ilary 
rise W or 24 hing a max 
mum of 35 at 6 years experienct 
this trend tapers off from the 22 year 
level (22 YFD eal 
or experience) and levels out for 
the olde at about 17% 
It should be 
engineering profession | 
in the majority, of a youthful group 
Therefore the period covered be 
tween 0 and 22 YFD (where the 
largest 
probably 75% of the engineer 
labelled 


from degres 
enginee! 


noted here that the 
compe ed 


increment occurred) con 


population. The curvy 


ronmental resistance, and structural 
tability will also be covered 

Such chemistry 
range requirements, 


control of segregation, and hot rolling 


pecific topics as 


cleanline 


processt will be d ussed at the 
third se pecial 
steelmaking cover 


ion, The ion on 
practices will 
consumable electrode melting, vac 
uum casting of air-melted steels, 
vacuum melting and casting tech 
niques, and new practices for work 
ing steel 


1A an 
which ha 
out the fluctuations and indicate the 


“average line of increase 

been drawn to mooth 
overall trend 

The next consideration 1 based 
on a comparison of the increment 
for each group of engineers to trace 
the career salary progression In 
this case the engineers who gradu 
ated in 1952 and had one year expe 
rience in 1953 are the ame repre 
ented as having four years exper! 
ence in 1956 and their relative al 

tudied. The 
increment are 


ar) movement are 
computed alary 
plotted in graph 2. It can be ob 
erved again that the 


nent occur in the area of wreate t 


larger inere 


covering the 
arn pan as noted above Up to 20 
YFD the increment is above 30%, in 
fact well above 40% for those with 
up to 13 year experience It does 


population density 


igain taper off at about the same 
level as for the position comparison 

For the are period (1953-1956) 
U.S. Department of Commerce fig 
ure indicate that earnings of all 
full-time wage and salary employee: 
rose 12° ind of full-time manufac 
turing wage earners rose 13%; Bu 
reau of Labor Statistics figures indi 
ite that, for the same period, the 
Gro National Product 
ibout 13%, the Wholesale Price In 
Index 


increased 


dex 4% and Consumer Price 


Conclusion An 
ward adjustment 


ive up 

eccurred in 
engines ilari between 1953 
and 1956. To the best knowledpe 
of the staff of EJC responsible 
for these tudic thi rise ods 
unparalleled in recorded 
history of the engineering pro 
fession 


Graph 1. Salary increases as percentages have been computed 


Graph 2. Salary increase was plotted as it related to in 


and plotted in relation to position or experience. The base dividuals. Again the base year was 1953 and the increase 


year is 1953 and the increase curve is based on the year 1956 


curve plotted was based on the year 1956 
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News of New Powder 
Metallurgy Group 


new association, the Powder 
Metallur; y Part Mar ifacturer 
n vas organized a few month 

Its membership comprises con 
pani who make and sell structural 


i bearing parts formed of powder 


eta 
ong it goal are to promote 

der use and to improve the quali 
ty of powder product to promote 


tandardization of powder-metallur 


products, including their compo 


ition, the pl cal properties of fin 
ished unit nd pertinent testing 
method 
The group plans to develop indu 

tr vide standards and testing met! 
vl for raw material used rm othe 
industry. This will be done in coop 
eration with producer of metal 


powders. The group anticipates the 


distribution of technical knowledge 


of pr wader metallurg proce ‘ to 
college twniversitie to other 
i iM ition ind to those eprent 


of the interested in 
the proce 


One method of procedure will be 


general publi 


to establish a clinical program in 


cooperation vith variou technical 
ocretie As part of that progran 
top technicians will meet with per 
onnel of technical to in 


form them of the latest de velopment 
thee fleld and 
to relate the most efficient and eco 


powder-metallurgy 


nomical use of powder-metallurgy 
part A technical committee plar 

the ce velopment ofa User Hand 
bool or the purchase and wus¢ of 


powder: metallurgy part 
\t a recent meeting of the dire 


tor of tl imsociation the term 
powder-metallurgy part vu a“ 
dopted to replace intering is the 
product designation for tructural 


ind bearing unit produced by the 
rember Thi 


suse sintering is only one proce 


tion was taken be 


mong many phase of production 
that are required. It is hoped that 
the new term will replace the term 

ntering in all corre pondence 


literature and technical paper 

ued by members of the association 
except in reference to the heat treat 
ment proce vhich will still be in 
dicated by the original term 


Metallurgical Society 
Plans for February 


Plans for The Metallurgical Soci 
ety participation in the AIME An 
nual Meeting are progre ing rapid 
ly. The Meeting this year will be 
held in New York on February 16 to 
‘0, Headquarters for The Metallur 
vical Society will be the Sheraton 
Mi Alpin Hotel 

The opening se ion, held on Sun 
day afternoon at the Sheraton 
McAlpin, will be an education ses 
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nsored by The Metallurgical 
education 
will 


committees on 

each of the 
ponsor their own education session 
pul afternoon. All three so- 
cieties will meet at the Hotel Stat- 
ler for dinner on Sunday evening 
Dinner will be followed by a gen 
eral session for all three groups, to 
be sponsored by the Council on Ed 
ication of AIME 


Details of the technical session 


for The Metallurgical Society Meet 
ng vill be announced in JOURNAI 
or META ifter they have been put 


nto final form. As has been custom- 
iry in pa there will be a 
Dinner-Smoker held on Monday 
evening for all those attending the 
AIME Annual Meeting. The Metal- 
Society will hold a Banquet 
on Tuesday after which 
there will be an informal dance 

On Tuesday afternoon, there will 
all-Institute technical 
ession as was scheduled for the New 
Orleans Meeting last year Thi: es 
on will be followed by the AIME 
\nnual Busine Meeting 

All AIME members attending the 
Meeting will gather on Wednesday 
evening for the Annual AIME Ban- 
quet. On this occasion, the Incoming 
‘resident of the Institute, Augustu 
$. Kinzel will be installed. Also part 
of the Banquet proceedings will be 
presentation of AIME Awards for 
the ear, and announcement of the 


of the Legion of Honor for 


1 Veal 


evening, 


iwain be an 


The meeting will wind up on 
Thursday with the last technical 
essions being held Thursday after 
noon. For those 


laxation after the rigor 


who feel in the need 
of the 
t-convention trip ha 

Jermuda and Nas- 
about this trip, see 
JOURNAL OF 


of re 
Meeting a po 
been planned to 
iu. For detail 
the October tissue of 
METAI 


Clifford Furnas Receives 
Frank J. Tone Medal 


The AIME Niagara Frontier Sec 
announced that Clifford C 
Furnas, Chancellor of the University 
of Buffal has been awarded the 
Frank J. Tone Medal for 1957 for hi 


cirence and re 


tion ha 


iwhievement in 
earch 

The medal wa established by 
F. Jerome Tone director of the 
Carborundun Co and Franchot 
lone vell known actor, to honor the 
memory of their father, Frank J 
Tone, former president of the Car- 
borundum Co. and an outstanding 

entist and inventor 

The medal wa awarded to Dr 


Furna ot only for } contributions 
to metallurgical research but also 
f } continuing and unusually 


capable leadership in finding solu 
tions to problems in the field of met 
illurgical research and education 
jorn on Oct. 24, 1900, at Sheridan, 


Indiana, Dr. Furnas is a graduate 
of Purdue University. He received 
a Doctor of Philosophy degree from 
the University of ‘Michigan and an 
Honorary Doctor of Engineering de- 
gree from Purdue in 1946 

Until 1930, he was engaged in met 
allurgical research work for the 
U. S. Bureau of Mines, later joining 
Yale University as Associate Pro- 
fessor of Chemical Engineering. In 
1943 he became Director of the Cur- 
tl Wright Research Laboratory in 
3uffalo. When the Laboratory was 
transferred to Cornell University, he 
became Director of the Cornell 
Aeronautical Laboratory in 1946 

In 1954, he became Chancellor of 
the University of Buffalo. Granted 
a leave of absence, he served as As 
istant Secretary of Defense for re 
earch and development from 1955 
to 1957 


Mervin Kelly to Head 
Building Fund Drive 


Mervin J. Kelly, President of Bell 
relephone Laboratories, Ine., ha 
been named general chairman of the 
business and industry campaign for 
the new $10 million United Engi- 
neering Center to be erected on 
United Nations Plaza. His appoint- 
ment was announced by Walter J 
tarrett, president of United Engi 
neering Trustee Inc 

Dr. Kelly has had broad experi- 
ence in directing research and devel- 
opment programs, not only for the 
sell Telephone System but also on 
military projects undertaken by Bell 
Laboratori for the Armed Forces 
He has held many public assign- 
ments in Washington, particularly 
with the Atomic Energy Commis- 
ion, the Dept. of Commerce, and the 
Dept. of Defense. Among many hon- 
ors awarded to him are the Au 
Force Exceptional Service Award 
and the 1953 Trophy of the Air Force 
Assn 

Dr. Kelly ha 
campaign for funds for construction 
of the new Engineering Center will 
commence later this year. Initial ef- 
forts in this drive will be directed 
toward those businesses and indus- 
tries which are most dependent upon 
the technologies represented by the 
societies 


announced that the 


engineering 


1958 Annual Reactive 
Metals Meeting to Be 
Held in Buffalo 


The Third Annual Reactive Metals 
Conference is scheduled to be held 
at the Hotel Statler, Buffalo, on May 
27, 28 and 29, 1958. The meeting 
will be under the sponsorship of the 
Niagara Frontier Section of AIME 
The general subject of the confer 

those metals which, by pres 
(Continued on page 1465) 


ence 1 
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Reactive Metals 
(Continued from page 1464) 


ent standards are difficult to process 
by conventional means, due to their 
reactivity with the more common 
refractoric oxygen or nitrogen 
The production, properties, fabri- 
cation, and application of tantalum, 
columbium, titanium, zirconium, 
hafnium, vanadium, molybdenum, 
tungsten thorium uranium, and 
their alloys will be discussed during 
the various technical sessions 
General Chairman for the Meet- 
ing is S. F. Urban, Titanium Alloy 
Manufacturing Div., National Lead 
Co. The other members of the Con- 
ference committee are: Administra- 
tion, C. D. Roach; Arrangements, 
E. L. Gielzen; Exhibits, R. K. Kulp; 
Finance, W. W. Stephens; Plant Vis 
itations, C Fogel; Program, W 
Clough; Publicity, C. W. F. Jacobs; 
and Registration, C. H. Emery 
Technical Sessions will be held 
during the day and _ outstanding 
events are planned for the evening 
One evening will be devoted to a 
panel discussion on the future of the 
reactive metal Outstanding even- 
ing event of the Meeting will be a 
Fellowship Hour and Banquet, at 
which a speaker of national reputa 
tion will addre the delegates 
An exhibition pertinent to the en 
tire field of reactive metals will be 
on display at the Statler Hotel dur 
ing the Conference 


“EJC’s Report on What's 
Happening in Engineering” 


Nuclear Congress 1958 


March 17 to 21, International Am 
phitheater, Chicago—H. Q. Hotel, 
Palmer House. Comprises 4th Nu 
clear Engineering and Science Con 
ference; 4th International Atomi 
Exposition; 6th Hot Laboratories and 
Equipment Conference; 6th Atom 
Energy in Industry Conference 
Sponsorship to date 30 national 
group Overwhelming number of 
papers already ubmitted. Advance 
program to be published Nov. 15, 
1957. For information address Con 
gre Manager, AIChE, 25 West 45th 


St. New York City, or your own 
ociety secretary. EJC coordinates 
Congres theme 1 ‘Industrializing 


the Atom” and newly declassified 
information will be made public for 
the first time 


Water Policy Report 
EJC 1957 Restatement of Princi- 
ples of a Sound National Water Pol 
Icy updating 1951 report—on “Best 
eller list” with more than 5000 
cople now distributed to industry, 


government and education Still 


available from EJC, 29 W. 39th St 
New York City at 25 cent 
Bulk discount available 


a copy 


AROUND THE SECTIONS 


e The Montana Section held its meet- 
ing on September 21 jointly with the 
Anaconda Aluminum Co. and Tech 
nical Society in the new employes’ 
club at Columbia Falls, Mont. Fol 
lowing a dinner and business meet 
ing, Mr. Frank Armes upt. of the 
aluminum rod and wire mill of the 
Anaconda Wire and Cable Co., was 
the featured speaker. He gave an 
informative talk on the new Great 
Fall Aluminum Rod and Wire Mill 


e The first meeting of the New 
York Powder Metallurgy (Hob-Nob) 
Group was held on October 17 at the 
Metropolitan Room of the Bra Rail 
Restaurant, New York. Jerome F 
Kuzmick, consultant for Alan Wood 
Steel Co poke on Development of 
Iron Powder by the H-lron Process 


e The New York Physical Metallur- 
gy Group will hold a meeting on 
Jan. 15, 1958 at the Federal Tele 
communication Laboratories of the 
International Telephone and Tele 
graph Corp., 500 Washington Ave., 
Nutley, N. J. The featured speake1 
will be Dr. Robert M. Fisher of the 
U S. Steel Corp research center 
who will discu Applications of 
Electron Opties in Metallurgical Re- 
earch The Group ha another 
meeting scheduled on Mar. 24, at the 
trake Shoe Co. research 
center in Mahwah, N. J. A talk by 
Dr. Arthur S. Nowick, of the IBM 
Watson Laboratory will be on the 


American 


agenda 


Motion Pictures, a new film catalog 
distributed by United States Steel, 
lists 17 films of general interest, 
documentary and educational value 
which are available free except for 
shipping charges. The pictures of- 
fered are 16-mm sound and silent 
prints, some available in 35-mm. 
Many of the films presented are in 
full color. Included in the booklet, 
is useful information for prospective 
exhibitors. 


Westinghouse Sound Films, a cata- 
log of 16-mm sound films available 
free except for shipping charges, lists 
some 47 product information, gener- 
al interest, and training motion pic- 
tures. Copies of the catalog, booklet 
B-7077, are available from Westing- 
house Electric Corp., P. O. Box 2099, 
Pittsburgh 30, Pa. 


The Man in the Doorway its a new 
l6-mm sound and color film pro- 
duced by the American Cyanamid 
Co. as a tribute to the chemical in- 
dustry as part of their 50th anni- 
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versary program. Prints of the pic- 
ture, whose theme is conservation, 
may be obtained from Miss Norma 
Anderson, 30 Rockefeller Plaza, New 
York 20, N. Y. 


The United States Steel Film Dis- 
tribution Centers have released a 
new series of films which are avail- 
able free except for shipping 
charges. The film distribution cen- 
ters are located as follows: Birming 
ham Film Distribution Center, Ten- 
nessee Coal and Iron Div., General 
Offices, Fairfield, Ala.; Chicago Film 
Distribution Center, USS Public Re- 
lations Dept., 208 So. La Salle St., 
Chicago 90, IL; Cleveland Film Dis- 
tribution Center, American Steel 
and Wire Div., Rockefeller Building, 
Cleveland 13, Ohio; New York Film 
Distribution Center. USS Corp, 71 
Broadway, New York 16, N. Y.; 
Pittsburgh Film Distribution Center, 
USS Advertising Div., 525 William 
Penn Place, Pittsburgh 30, Pa.; and 
San Francisco Film Distribution 
Center, Columbia-Geneva Steel Div., 
120 Montgomery St., San Francisco 
6, Calif. Information on use of films 
outside the U. S. should be secured 
from United States Steel Export Co., 
30 Church St., New York 8, N. Y. 

A review of a few of the interest- 
ing films is given as follows: An Or- 
chid to Mr. Jordan is a 16-mm (or 
35-mm) sound color film which runs 
25 min. This film shows the produc- 
tion of USS Stainless Steel, the fab- 
rication of this metal, and how it 
makes contributions to health and 
better living. Sinews of the South, 
another 16-mm sound color film with 
a projection time of 34 min, is the 
story of the largest fully integrated 
steel producing company the 
South The film includes scenes from 
the ore and coal mines, quarries, 
conditioning plants, blast furnaces, 
open hearth furnaces, and operations 
in the various rolling and finishing 
mills. This film is available only 
from the Birmingham Film Distribu- 
tion Center, and distribution is lim- 
ited to the following states: Alabama, 
Arkansas, Florida, Georgia, Louisi- 
ana, Mississippi, North Carolina, Ok- 
lahoma, South Carolina, Tennessee, 
and Texas; Walls Without Welds is 
also a 1l6-mm (or 35-mm) sound 
color film with a running time of 28 
min. Here for the first time are 
shown technicolor pictures made in 
the largest and most modern mills 
in the world devoted to the manu- 
facture of tubular goods. The film 
includes views of the manufacture 
of large diameter seamless pipe 
showing the operations of the High- 
Mill, rotary rolling, reeling, sizing, 
and finishing. 
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Glenn D. Aase, has accepted the po- 
tion as air pollution engineer with 
PERSONALS the Bay Area Air Pollution Control 


District in Fran co Mr. Aase 


ll be working largely with the 
Arthur 8S. Nowick, formerly asso metallurgical industric 
ite prote ol f metallurgy at Yale 
[ t iu ted with Walter C. Troy, formerly with the 
the International Busine Machine Hunter Engineering Co., Riverside, 
Wat n Laborator it Calif nov associated with the 
Columbia Ur ersit New York Malleabl Research & Deve lopment 
Foundation, Granville, Ohio 
Kaymond H. Filsinger Jr. has been 
ppointed vice president in charge Donald F. Stoneburner, is on an ed 
if sales of Vanadium Corp. of Amer ucational leave of absence from the 
a. M k nee has been associ Oak Ridge National Laboratory 
ted th t) ompat! nee Feb where he employed as an associate 
1949 metallurgist Mr Stoneburner 1: 
vorking toward a Ph.D. degree in 
Fdwin N. Hower has «a: epted the metallurgical engineering at the 
position of vies pre dent Charle Carne e Institute of Technology a 


rr. Brandt Ine Baltimore, Md the Union Carbide Corp. Fellow 


F. A. Hames, previously professor and John L. Merrill, president of the 


head, dept tallus Montana Merrill Co., San Francisco, has been 
chool of Mine neo with the ippe nted a member of San Franci 
lept of metallurys CJueen Univer co Redevelopment Agen 

Kir ton. Ontario 


John R. Dunning, dean of engineer 
Francis J. Smit, now a graduate ny of Columbia University, New 
felloyv if thre Pens Ivania State York ha been elected to the board 
Universit University Park, Pa of directors of City Investing Co 


THE 
IDENTIFICATION 
OF 


PRESTIGE 


IN THE METALLURGICAL FIELD 


YOUR PROFESSIONAL SOCIETY 


Have You Mmorud Fraud By 
Gskiug Nu 
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Edgar W. Engle, has been appointed 
development engineer for Kenna- 
meta! Inc., Latrobe, Pa. Until recent 
ly, Mr. Engle was technical director 
for the Vascoloy Corp., 
Wauke Ban, 


tament 


Gotthard E. Bjorling, has been ap 
pointed professor of nonferrous ex 
at the toyal In 
Stockholm, 


tractive metallurgy 
titute of Technology, 


Sweden 


W. Rutherford, has resigned his po- 
ition of managing director of Mel 
bourne Iron & Steel Mills Proprie 
tary Ltd., Australia, and is now gen 
eral manager and director of Allied 
Ironfounder Pty. Ltd., Victoria 
Australia 


J. E. Martiquet, is now associated 
with Dalic Metachemical Ltd., Tor 
onto, Canada. He formerly served 
with Canadian Pratt & Whitney Al 
craft Co., Montreal 


Joe G. Gonzalez, has graduated from 
Texa Western College E! Paso, 
Texas, with a B. S. in geology and is 
now presently employed by The An 
aconda Co. at Butte, Mont 


Ralph Avellanet, is now employed 
by the Electro Metallurgical Co. a 
production 


an electric furnace 


trainee 


C. M. Schwitter, formerly supervi 

or of Far Eastern and Latin Ameri 

can technical developments, has been 
promoted to head the market re 

earch activities of the International 
Nickel Co. Ine New York. Mr 
Schwitter will be assisted by George 
Hoobler, formerly a member of the 
teel section of the company’s nickel 
ale de pt 


R. D. Bradford, vice president and 
director of American Smelting and 
Refining Co., has been placed in 
charge of the company Federated 
Metals Div. Mr. Bradford will re 
tain the presidency of Lake Asbe 
tos of Quebec Ltd., ASARCO’'s new 
asbesto pre ducing fac ility 


David Turnbull, manager of the 
chemical metallurgy section at the 
General Electric Laboratory, Sche 

nectady, N. Y., is now in England 
for x month tudying and lectur 

ing at the Cavendish, Laboratory, 
Cambridge University, under the 
new GE research leaves plan 


F. W. Schroeder, previously with 
North American Refractories Co. in 
Cleveland } now located at the 
company research center in Cur- 
wensville, Pa 


G. Magnolo, is now back with the 
depart: ent, Linde 
Toronto 


ale engincering 


Air Product Co., 


Louis J. Demer is currently with 
Rias Inc., 


Baltimore. He was previ 


J 
opt S0Cig Ty 


ously at the Engineering 
mental Station, University 
nesota, Minneapolis 


Experi- 
of Min- 


Carl Ludwig, has been promoted to 
chief 


engineer of the engineered 
products div., Wellman Engineering 
Co. Inc one of the affiliates of Mc- 
Dowell Co. Inc., Cleveland 
Victor A. Phillips, has been ap- 
pointed to the staff of the General 
Electric Research Laboratory in 
Schenectady, N Y Di Phillips 
formerly was a faculty member at 
the University of Sheffield in Eng- 
land 


James H. Jacobs, has been promoted 


to manager of the newly formed 
chemical engineering group in the 
product and proce development 


dept., Electro Metallurgical Co., Ni- 
agara Falls, N. Y., a division of Un- 
ion Carbide Corp 


Kelvin Sproule, previously consult- 
ing metallurgist for The Internation- 
al Nickel Co. of Canada Ltd. at On- 
tario, has transferred to the 
development and research div. at the 


been 


New York office 

Alexander Troiano, head of the met- 
allurgical dept. at Case Institute of 
Technology, Cleveland, directed the 


concentrated two-day International 
Symposium on the Annealing of Low 


Carbon Steel held at Case, in which 
experts from six nations delivered a 
dozen papers on annealing proces- 
ses during five general sessions 


John H. Hoke, has been appointed 


upervisor of the taink steels 
ection of the Crucible Steel Co. of 
America’s Central Research Labora 
tory in Pittsburgh. Dr. Hoke was 
formerly associated with the Bab- 
cock and Wilcox Co. in Alhance, 
Ohio 

Oleg D. Sherby has now joined the 
taff of the Office of Naval Research, 


Scientific Liaison 
London, Eng 


London Branch, a 
Officer in metallurgy 


land 

Donald A. Ricketts and Philip J. 
Hickey, have been named to the 
post respective ly, of general uper 
intendent and a tant general sup- 
erintendent of smelting and refining 
of the Sierra Div. of Cerro de Pasco 
Corp., Peru 

Albert P. Spooner, formerly chief 
metallurgical engineer of the teel 
division of Bethlehem Steel Co., ha 
retired. The same company recently 


ippointed John 8S. Worth and Thomas 


G. Foulkes as metallurgical engi 
neers on the staff of S. J. Cort, oper 
ting vice president 

George K. Williams has terminated 
} residence in England and is now 
issociated with the Consolidated 
Zine Corp. Ltd., Melbourne, Aus 
traha 

Gerald Abowitz is now attending 
Yale University as a General Ele 


tric Fellow in metallurgy since his service, but does not desire , 
ns ire unqualified ‘ mober 
release from the U. S. Army. urged to review this st as soon as pos 
and itmmedtately to inform the Secre 
Martin G. Kurtz is project engineer s lice if names of people are found 
with the Pall Filtration Cos., Flush known to be unqualified for AIME 
p 
ing, N. ¥ 
Members 
K. Sudo has left England and is cur As 
rently at the Research Institute, Chester Ro Au Oa i, Calif 
Mineral Dre ing Metallurgy, Toho Mode “w SA 
ko University, Nagamachi, Sendai Cc. WB bouwstraat 20 Delft 
H 
Leonard Cogen is now at Washing W H. Dailey, Jr.. Toledo 
ton State College, Pullman, Wash D De Paul, I burgh 
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Ww Gru Ch 
F A Health, O md, Calif 
iH H la Middletown, 
NECROLOGY Louis P. Jah Evendale, Ohio 
tI Kea Fiin Man, Canada 
KR tadt t Lake City 
Date Date of u Chile 
Elected Name Death Grand Junction, Colo 
¢ Kungstradgardsgatan 
1902 A B Emer Ju 26, 1957 tock! Sweden 
La fu rh M «, Pittsburgh 
1921 = Jot ! Sept. 2, 1957 G 
1949 F. VOI i Sept. 5, 1957 G R. Van Hout Greenfield, Ind 
1927 A G Mar 2 Chat We Champaign, Hl 
1947 Will M. Traver March 1957 
Associate Members 
Hartburn, Stockton-on-Tee 
I 
OBITUARIES taten Island, N. 
\ be bold, New Castle, Del 
Birmingham, Mich 
A. Gonzales Soto (Member 1927) 
died March 2 Soto was born 
Robert J. Alll enectad 
in Canga de Oni Spain, on Nov Slew Sr. Pace. Tames 
1895 and wa educated at the Rolf JI. K wna 
. il lel Cleveland 
Academy of Artillery, Spain, and the M 
School of Mines at Columbia Uni } \ midt, Wauwatosa, Wi 
K tk +, Australi 
versity. Prior to his death, he re W agg 
sided in Madrid, Spain. 
CHANGE OF STATUS 
Associate to Member 
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ALLOY METAL PRODUCTS, INC 


Consultants 


Rockingham Rood Davenport, lowa 
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Boston 6, Mass 
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Consulting Engineer 
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Consulting Engineer 
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Tokyo, Japan 
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COMING EVENTS 


Nov 


cal ¢ onpre 


2-8, Second World Metallurg: 

yherman Hotel, Chi 

Nov. 3-7, AIME, IMD Fall Meeting 

Hotel, Chicago 

Nov. 5, AIME, Iron and Steel Divi 
on, Technical hon Morr: on 

LIME t. Louis Section, Ho 
tel York, St. Loui 

Nov. 12, AIME, NOHC Buffalo Local 
ection, annual meeting toyal 
Connaught Hotel, Hamilton, Ont., 
Canada 

Nov. 13, AIME San 
tion Hicks y Studio Inn Palo 
Lite, Calif 

Nov. 14, AIME Cleveland Section 
President Night, AIME Pre lent 
Cit er J. Holt guest of honor 
Carter Hotel, Cleveland 

Nov. 18-21, Conference on Magnetism 
ind Magnetic Material Sponsor 
ini cooperation with AIME 
American Physical Soc., IRE, ONR 
Hotel Sheraton-Park, Washington 


Francisco See 


Nov. 20, AIME Niagara Frontier 
ection annual Fi ink J Tone 


\ward Meeting, Buffalo 
Nov. 21, AIME Utah 


Section panel 


cussion: Mining Industry: Neu 
Method Machone and VMate 
Moderator N. L. Wei 


panel J DD. Moore, J tosenblatt 

P. K. Richardson, H. Mathew 
Nov. 26, AIME Connecticut Section 

tudent night, speaker: K. H. Mair 


University of Rhode Island ub 
peat Problem in Nuclear Metal 
lurgy; Town House New Haven 
min 


Dec. 4-6, AIME, 15th Electric Fur 
nace Steel Conference, Penn-Shetr 
aton Hote l, Pitt burgh 


Dec. 11, AIME Powder Metallurgy 
Group, New York Section, dinner 
meeting bra Rail Restaurant 


‘ 


Dec. 11, AIME San Fran 


co 


tion, Christmas part Enginee! 
Club, San Francisco 

Dew 12, AIME Utah Section Salt 
Luke City 

Dec. 13, AIME St. Lou Section 
lacs night Hotel York St 
Louw 


Feb. 16-20, 1958, AIME Annual Meet 
ing. Statler and Sheraton-Mée Alpin 
Hotels, New York 

Mar. 17-21, EJC 
International Amphitheatre, Chi 

Apr. 14-16, AIME, 4lIst National 
Open Hearth Steel and Blast Fur 
nace, Coke Oven, and Raw Mate 

Hotel Statler, 


Nuclear Congre 


rials Conference, 
Cleveland 
May 5-6, AIME, Conference on Prop 
ertie of High-Strength Steel 
Penn-Sheraton Hotel, Pittsburgh 
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MORGAN MILLS 
MORGAN QUALITY 
from 


MERCHANT AND ROD MILL 
Atlantic Steel Company 


Atlanta Georgia 


Morgan engineered and equipped 
from charging car to cooling bed 
this new Atlantic Steel Mill is now 
in full operation. This mill is just 
one of two hundred and twenty- 
one Morgan continuous rolling mills 
which have been purchased by steel 
plants throughout the world. 


Rolling Mills @ Morgoil Bearing W ek nace Control @ Ejectors @ Gas Produce 


We 
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SPEEDS PRODUCTION 


INCREASES MILL YIELD 


IMPROVES STEEL QUALITY 


FOR AS LITTLE AS he 
PER INGOT TON 


The United States Graphite Com- 
pany offers a type and formula 
of MEXICAN ingot mold wash to 
fit your needs. Each fills a basic 
need in the steel industry and we 
will be glad to make specific 
recommendations. Write today 


for full information 


THE UNITED COMPANY 
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